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CEJECT

This report is written to fulfill ine requirimepts of Bureau of RNaval
Wespons ccntract EOW 65-0273-f Item 4. This contract was issued for
evelonment of a digitai computer vrogram -;¢ mredict the anti-icing

reguiiements for engize inlets by predicting water droplet impinge-
nent. The determinetion of the desigs requirements is made by
astablishing the potentizl flow field arourd the subject surface and
then celcuviating the trajectory of the water droplet es it approaches
and impinges on the surfase.

During the exssution of this contract, eny new discoveries or inventions
F 4 . -
{subject inventlons) vwere to be reported to the Government,
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SMMARY

Development Summsry

With the signing of the development contract on March 9, 1965, the
Contractor starived work on the two basic digital computer programs %o
provide an accurate method of weter droplet impingement. The potential
flow computer program was updated and refined by the addition of vari-
able distance incrementation, improved plotting and table preparation
routines and more output.

The water droplet trajectory computer program was adapted to the
improved potential flow program and expanded to include methods to cal-
culate trajectories that included smaller droplets, droplet reversal,
gravity and buoyancy effects and randcm input. Provisions for summing
the results from a given droplet size distribution and for determining
the tangent droplet trajectories were also included. Both computer
programs were verified by comparison with theoreticel and NACA analyticel
and test results.,

In complience with contract Section V (PATENT RIGETS), the Contractor
hereby certifies that there are no Subject Inventions relative to the
fulfillment of this contract.

Descriptive Summary

The Boeing Company under contract to the Bureau of Naval Weapons has
developed a digital computer program to predict the anti-icing require-
ments of engine inlets by calculating water droplet trajectories toward
the particular inlet through a potential flow field. The incompressible
potential flow field is determined by a seperate computer program using
known boundary conditions. The potential flow field results are combined
with the droplet and flow physical dsta for input to & droplet trajectory
computer program. This water droplet trajectory program is based on
balancing the drag, buoyancy and weight forces on the water droplet with
the rate of change of the water droplet momentum. '

The water droplet computer program is extremely versatile because the
actual design shape is used in the study and therefore the results do not
need to be extrapolated.

Verification of the computer programs was accomplished by comparisons
with theoretical and NACA test and analytical data.

BZEINVE N, D3-6961
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CONCLUSIONS

Basea on historical and current development experience as shcwn by
the references and this report, it is concluded that:

l.

2.

3.

This method of detsrmining water impingement on cylindrical and plane
objects is eccurate. efficient and rapid,

The water droplet trajectory computer program can be used to predict
the trajectories of large and small water droplets starting at
erbitrary conditions.

The potential flow computer program is a useful tool to describe
complex flow fields to assist in surface and duct pressure distri-
bution studies.

The developed computer program does not contain any new inventions

or discoveries that could be classed as a Subject Invention (contract
section V).

BGEIALE|NO. D3-6961
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L0 RECOMMENDATIONS

Based on the results and conclusion described in this documenc,
it is recommended that:

1. fThis method of water impingement prediction be adopted as a
standerd for anti-icing requirements determiration.

2. Development of the weter droplet trajectory program be continued
to expand its utility, simplify its usage and increase its
accuracy especiaily for heeavier, larger particles.

3. Tne potential flow computer program bé expanded to include
compressibility effects,

i FBHEFR/LZ|NO.  D3-6961
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5.0 DESCRIPTION
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A preliminary water droplet trajectory calculation computer program was
refined, expanded and verifiel durirg the completion of Item 1 of the
subject contract. Specific effort was devoted to accomplishing the
followling.,

(a)

(v)

(c)

(d)

The potential flow field computer program was updated and refined
for increased utility and versatility. Variable distance incre-
mentation in both the horizontal and vertical (or radiel) directions
vas provided to more adequately define a potentisl flow field by
using fine increments in asreas of special interest., The potential
flov program output was elso inereased to include veloclty, velocity
ratio snd pressure coefficients at coordinete points on selected
streamtines.

The water droplet trajectory computer program's capabilities were
expanded to permit the csalculation of smaller droplet trajectories
and droplet direction reversal. These changes were accomplished
by making the water droplet horizontel distance increments independent
of those selected for the potential flow grid and by using an addi-
tional set of equations for vertical travel. For droplet direction
change calculations, the droplet primary direction of travel is
changed whenever the perpendicular distance traveled is greater
than an element in that direction. The droplet direction is
reversed vwhenever the droplet inertia is insufficient to carry it
across an increment and the perpendicular velocity component is
small.

The water droplet trajectory computer program was modified to pro-
vide for variation in thc water droplet's initial state with respect
to the free stream flow (random input) and for the effects of
gravity and buoyancy on the droplet trejectories. The random input
feature permits starting the droplet trajectory from any point in
the potential flow field with any velocity components. The inclu-
sion of gravity and tuoyancy effects destroys the symmetry of the
cylindrical flow field trajectories and requires calculations with
negative ordinate values. The capability of calculating below the
centerline has been included.

The water droplet trajectory computer program was verified by
comparison of the program's impingement predictions with NACA
analytical and test results. Analytical comparisons were made
against the NACA cylinder, sphere and eirfoil data and comparisons
with the test data were made for the sphere, airfoil and supersonic
engine inlet,

BLBESR/E|NO. D3-6961
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METHOD

This analytical method of water dropiet impingement prediction utilizes
a digital computer znd a finite difference solution of ihe trajectory
equations of particles in an incompressible potential flow field. The
potential flow field is determined from known boundary stream furction
values by using the relexation technique for solving the stream function
equations derived from continuity and irrotatiorality.

The results of the potential {low computer program are used with addi-
tional water droplet and flow physical data as input to the water droplet
trajectory computer program. The water droplet trajectory program
calculations result in an accurate deterrmination of water impingement
intensity on a desired surface.

Flow charts and listing of the computer programs are presented in
appendices 1 through b.

Potential Flow Field Analysis

Since the computer program solves the stream function equations to obtain
the potential flow field from boundary stream function values, these
voundary vealues must be determined analytically. The generalized flow
field for an engine inlet is shown on page 12, Using this figure with
the y-velues as radial lenghts, we can develop the boundary values as
follows.

For two dimensionel (plane) incompressible steady fluid flow, the velocity.
component in any direction is found by differentiating the stream function
at right angles to that direction. Assuming the positive flow direction

as upward (increasing y-velues) and to the right (increasing x-values)

the velocity components are

Vx = _____.i,}”;r (1)

7 (2)

X

Nyoo 9
v J

In the case of axially-symmetric flow, such as that of an engine inlet
the velocity components are

N e Vaxtel = 9% (3)
Yov

Wy =Nrattal = - 9% ()
¥ oF

EGEINE|NO. D3-6961
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The airflow toward the engine iniet is assumed to ve from left to right
with a value of U o at the left boundary. At this boundary the flow
velocity is uniform and horizontal. Therefore,

Ny = Ny left = 0 : (5)

V¥l = Vx left ._..d_}_‘:_.= U = U=k Uég (6)

y 9vY '
then fo@}l/_:ﬁ v, yiy - (7)
and Y = kug, y2/2+0 . (8)
or  Pl=k Ub y /y+0 (9)

To evaluate the constants ( k and c¢) the following boundary conditions
are used.

() Vs

(b) Wi =1 at = Ro.o (stream tube radius)

V4

i
Q

0aty

Using (a) c. is evaluated as zero.

Using (b) k 1s evaluated as 2/ (* yl, Rem )} and equation (9) can be
rewritten as

Pr=y % 2 ' (20)

At the radial extremity of the control volume (y = y max)
_ _ 2

Since ypax is a constant and assumed to be the ordinate of a horizontal
stream live, "Wy is a constant for all values of x.

The arbitrary selection of the stream function value of one (1.0) for the
value at the stream tube radius on the left boundary establishes this
value everywhere on the stream tube boundary including the cowl surface.
Similarly, selection of the zero stream function value on the centerline
estvablishes this value on the centerline and on the centerbody surface.

BIESA/E|NO, D3-696L
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At the right boundery, uniform horizontel flow 1s sssumed to exist
within the inlet and also outside the cowl. These flows can (and
generelly do) have different velocities. With these assumptions
the following basic equation can be developed and evaluated.

Y:kUyz/e-i-c. ’ (l}.)
\
Inside the engine inlet

Y: O at Jp =¥ och 50 02 == ka U yEOCb/a'

2 2
Y = 1.0 at Yr = Yie SO ko = 2/(U(y4 - ocb))'
Then
2 ) 5 2
)Uri= ( Y+ = Yocb) / (y e =Y ocb) (12)
This equation for the stream function is valid between the engine inlet
centerbody and cowl at the right side of the conbtrol volume.

Outside the engine inlet equation (11) is evaluated with these condi-
tions.

¥ =1.0 at yp = Yoo

y:}rym}{:—@—.a‘byr=ymax

Rz% 2
Then ey = l - k3 U Yoe /2
2
k3= (2/ U ) ( ¥2 o/ B% -1)/ (¥2 . = Yoe)
2 2 2 2 2
Vo =1+ (yr2 - Yoe) (Ymax /R oo 1)/ (Ymax = Yoe) (23)

This equation is used to evaluate the stream function values on the right
control volume boundary in the constant velocity region outside the
engine inlet.

For a particular engine inlet configuration and engine power setting
(airflow requirement), the input left and right boundary stream function
values for the potential flow program are determined from equations (10),
(12) end (13). The lower, upper and model surface streem function
boundary values are arbitrarily assigned at zero, meximum and one,
respectively.

BEEINVE N0, D3-6961
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Potential T ow Computer Program

Incompressible, inviscous and irrotational fluid flow problems in plane
and axially-symmetric flow fields can be solved with the assistence of
the IRM 7094/ FORTRAN digital computer program described herein.

Input data for the program inciudes a geometric description of the flow
field boundaries and stream function values for the boundaries. Program
results include a complete description of the potential flow field by
enurerating stream function velues at mesh Intersections and streamline
coordinates, as well as fluid velocities and pressure coefficients for
selected streamlines,

The stream function, psf (¥), for incompressible, steady, fluid flow is
defined as the volume of fluld passing between a base streamline and the
point in question. For a plane flow field the field depth ie considered
to be one unit and for an axially symmetric flow field, the d=pth varies
with the radius.

The velocity component in any direction is the differentiel of the stiream
fuvction at right angles to that direction. The usual coaventicn of

positive flow upward and to the right results in the following derivatives
for velocity components,

Fleld Plane Axielly Symmetric

Horizontal velocity, Vx I¥/ oy (1/y) ( ¥/ 3y}
Vertical velocity, Vy - 6)"/ I X ('1/ y) (¢ 30/ ox%)

Limiting the flow to be irrotationel introduces the following equation:

SVMrhx — Iy -0
> PV hit TFfyr oo (14)

for plane flov. For axially symmetric flow this limitation ylelds

I /ox (-lfy 3¥/px) - 9 /5y (Yy "%Y ) =0

2 a p
a>%xa+ 0o }U/aya ) I/Y a%)“ 0 (15)
BAEINVEE|NO, D3-6961
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Equations (14) and {15) define the stream functicn for incompressible,
steady, inviscous and irrotational fluid flow in plane and axially
symmetric flow fields. Numericel evaluetion of these equations by the
relexation technique is the primsry function of the potential fiow
computer program.

The potential flow computer program is divided into three distinct sections:
potential flow field solution; derivative calculation and contour mapping.
The potential flow field solution is accomplished by a finite difference
spproximetion of equations (14) and (15). This solution is based on the
use of a rectangular grid with the origin of coordinates temporarily at

the point being comsidered. For a typical mesh point, Yo is the stream
function to be calculated and 8, b, ¢ and 4 are the distances tc adjacent
mesh points with stresm function vaelues of 3, Fp, ¥y and ¥,

respectively. A
Y

Ix

An example of a mesh point coordinate system showlng variable mesh spacing
and coordinate orientation is illustrated by this sketch. The averege
first partial derivaties of V. with respect to x from the origin to
points 1 and 3 are:

IV fax)g ) =27 mx 1 -Yo)/a , (16)

Jo,1

J }U/ax

A}U/Ax):s,o o ‘7’3)/ ¢ (17)

)3’0 =

The average second partisl derivative of W. wvith respect to x to be used
between the distance a/2 to the right of the origin to ¢/2 to the left
of the origin is

SoEINVE|NO, D3-6961
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0% Y19 = (390 6,1 - 9¥ax) 3, ) (s ) / 2

2(¥y - WM (e (a+e)) - 2 (¥ -P3)/ (e (s+c)) (18)

By similar snelysis in the vertical direction

9% 2 _
F1ay B, =2(¥ ¥ ) (o(ma)) - 2(¥, -Wy)/(alb +a)) (19)

The first pertial derivative of w; with,respect to y at the origin is
approximated by a linear interpolation of the average first partial
derivaties in the adjacent intervals above and below the origin.

0%/0¥)y = (40¥/ay) o, o+ (6F/d5) o)/ (b + )
= a (VoVYo) / (b(v+d)) + v (o -¥y) / (a(v+d)) (20) -

Substitution of equations (18), (19) and {20) into equations (14) and (15)
resulte in the following finite difference approximations for plane and
axially symmetric flow, respectively.

2y, ., 2¥. L 2¥3 . 2¥y

¥ o- a(ate) b (b+d) c (a +e) a(v +d) (21)

2 2 2 2
a(a +c) + b (b+d) “eleFcy t A0+ d)

2, o+ (@-aMV¥, 4 2W3. (2+0/5)F,

, _ a(at+c) b (b+d) c (atc) d( b + 4)
Yo 2 R =7 B z (@) (22)
a(atc) b(o+d) c(ate) d(v +d)

In the computer program equations (22) is reduced to equation (21) for
plane flow by meking d/y and b/y equal zero.

The computer progream constructs a finite difference solution at each mesh
point and sweeps through them in a definite order. Repetitive calculations
(sweeps) result in the stream function values converging to values consistent

BOEINEG|NO.  D3-6961
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with the sp=sciTied boundary values. To improve convergence cver-relaxation
is used. That is, the caleulsted change in the stream function value at
each point is muliiplied by 2 relaxetion factor which is greater thau one,
This result is esdded to the previous velue and the sum is used for the new
stream furnction velue. )

Sweeping 1is done in slternsie directions, first by columns from lower left
to upper right, and then, also by coiwmns, from upper right to loyer left.
(This improves the rste of convergence somewhat for cases with normal
derivative enforcement on the boundaries). A series of 40 sweeps {20 pairs
of siternate direction sweeps) is serried out to establish the pattern of
convergence; then the point with maximmm error is located and followed
through ten more sweeps. The change in the indicated erroxr over this last
sequence of eleven swesps Is used to define the ratio for a geometric series.
The ratio is used to extrapolate the migration of the field over the sequence
of eleven sweeps to en indiceted limit, subject to a hedge factor and &
meximum limit on the indicated extrapoietion. 'This procedure has been found
to accelerate the convergence of weil behaved configurations by sbout 30%
and the convergence of poorly behaved configurations by a fecteor ci three,

The second pesrt of the computer program operstes on the potential flow
field obtained above and calculates the pertial derivatives of WI with
respect to x and y at all mesn points. These derivatives are obitained by
linear interpolation using the J¥” values st the desired point and at the
adjacent points on each side at the same ordinzte or abscissa value.
Derivatives at points on boundaries sre extrapolated linearly from the two
points closest to the boundary &t the sams ordinate or absclssa-yalue.

The absolute veloeity at each mesh point is caleculated es the square root

of the sum of the squares of the x and y partisl derivatives of 7¥. &t the
voint. For exially symmetric flow flelds this caelculation includes division
by the y value (radius) tc obtain the true velocity.

Contour mapping of selected stream lines or constant partial derivatives
is accomplished in the third program section. The ordinate values of stream
lines (stream function isolipes) or contours of constant partial derivative
values are determined at t.e input abscissa values from the potertisl flow
field and/or either of the derivative fields by linear interpolation. The
flow velocity at the stream line coordinates is also determined by inter-

' polation,

The pressure coefficient is calculated at each point on the contour lines.
The pressure coefficient is calculated as 1 -(local velocityffree stream
velocity)2.

ARPEFA/E|NO.  D3-6961
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g 6.1.3 Potentisl Flow Computer Frogram Usege

Input for the potential flow computer program is prepared on six field,
T2 cclumn floating decimal data cards as illustrated on the following
Potential Flow Program Input Format. The individual input quentities
are described as follows,

TITLE

AXYM

CVGS

NSWPS

PUNCH

NDERIV

10

*XSCL

¥YSCL
#XL1
*XL2

HYLL
*Y1.2

Identification of the problem - used as a2 heading
in the printout.

Flow field type key - zero for a plane flow field and
one for the exielly symmetric flow field.

Relaxation convergence tolerance - when the maximum
difference between two successive sweep's- PSI value is
less than this number, the flow field iteration will

stop. This value should be greater than 3 x 10
due to mechine limitations.

Number of sweeps - maximum number of sweeps permitted.
The iteration will stop after this numver of sweeps.,

Potential flow field teble punch key - table will be
punched if this value is one.

Normal derivative key - one to force the normal deriva-
tives at boundaries to zero. Normally input as zero
and YO and Y1 ere ignored. .

Y-value of the lower boundary on which the normsl deriva-
tives sre forced to zero.

Y-value of the upper boundary on which the normal derive-
tives are forced to zero.

Scale factor in the X direction for plot of stream lines
equel to the number of inches which correspond to a unit
change in X.

Scale factor in the Y direction.

Lower limit in the X direction of area to be plotted,
Upper limit in the X direction of area to be plotted.
Lower limit in the Y direction of area to be plotted.

Upper limit in the Y direction of the area to be plotted.

¥ XSCLA, YSCLA, XL1A, XL2A, YL1A and YL2A are the correspondingz parameters
for a second plot. If only one plot is desired the s%xth card should

1 be blank,.

e REVLTR:
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1, Y2, Y3,
Xa, Xb, Xc,

Ya, b, Yo,

Ya, Yb, YC,

CSCH

NNLNS

SLINES

REVLTR:

£-3033 R

ves dm

cos XD/Z

"'7Vn/2

cee Xm

LA R 4 n/2

First, second, third ... m'th selected ordinate
mesh line vealues.

First, second, third ... n/2'th sbscissa boundary
values at a given ordinate value.

Stream function boundary values at Xa, Xb, Xec, ...
Xn/g or at Ya, Ib, Yc’ eo e Yn/2.

The number of boundary ccordinates and stream
function velues along that particular mesh line.

First, second, third ... m'th selected abscissa
mesh line values,

First, second, third ... n/2'th ordinate boundary
value at a given absclisse value.

Number of stream lines of a type (see CSCH).
Determines whether stream lines connect points of
equal stream function value (CSCH = 2), derivative
of PSI with respect to X (CSCH = 3) or derivative of
PSI with respect to Y (CSCH = 4).

Number of types of SLINES, NSL, CSCH, and the SLINES
must be input NNLNS times.

Values of PSI ( or derivatives of PSI with respect
to X or Y) through which lines will be drawn.

BOEINE|NO, D3-6961
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6.2.1

Output from the potential flow computer progrem is self explsnatory
and is printed in the followlng order.

Input Input is printed out to provide a permanent
record.
Sweep history Record of convergence 1s printed out with

residue at point of largest deviation.

Potential flow field solution - The stream function values, deriva-
tives and flow velocity are printed out at
each mesh point. )

Contour lines Stream line or constant partial derivative
coordinate values, velocities and pressure
coefficients at these points are printed.

On request, the program will also provide & plotter tape for a Gerber
plotter of the contour lines. The potential flow field is punched
on data cards in table form for use in the water droplet trajectory

computer program.

Water Droplet Trajectory Analysis

The equations of motion for a water droplet in air are obtained by

a summ~tion of forces on the drop. Ignoring the gravitationsl force,
the drag force on the water drop must be equal and opposite to the
rate of change of the water drop momentum. The drag force in the
x-direction is

2
Dy = Cp (Lo fVoey /2) (T783) (Wi - v)//Vrel  (23)
where Nrel = N - N
The rate of change of drop mumentum in the x-direction is
F, = mass x acceleration = (4 77&3 (Ow [3) ANV fat.  (2k)
The drop Reynolds nunber is

R =(2ap, /V’rel)[q (25)
then Dy =ChRTa y (g - ) b (26)
end  Fy =D, (27)
(WT7 o3 Ff3) arviglae = (o B/W) T7 e il (g - vz)  (28)
or (2820 y /o) AN y/dt = (UCRR/W) (A% - W) (29)

Boesve|No, D3-66L
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where Ny = UAT; o Ny = Uk

Wy = VAN
ANVl @t = (UopR/2MK) (V5 = Vi) (30)
vhere K= 2 a2P u/9y (31)
and since dt = dx/Vg U (32)
A, A7, = (CoR/2MK) (W, - ) dx. (33)

Similarily in the y-direction
a/Vyy/dt = GOpR/MK (75 = Ayy) (3%)

Equation (33) can be integrated using mean values of velocity over
an interval,

(n};cw)m-l Xn+y
/f/&;‘, Wy = (CpR/2HK) o o Wa M) poem /dx (35)
(Viw) Xy
o)
= (CR/2%K)peen (3 Mr)neaaXnsd = %) (36)

Equation (3%) can be integrated in a similer manner.

(/V’YV) o+l tnsl
J)r;/va (UCDR/ghK)mean (/ii; '/q}&W>mean dt (37)
(/wﬁ;w) tn
BIEIA/E|NO. D3-6961
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-2

Wpdms - V) o = (ORI gy VT, -5 (bn-t)  (38)

From equation (32) is obtained

2(Xpe1 - Xn)/[u(ﬂ}' xwn+l + /U5, anE] (39)

tn-f-l - %y
and similarily
oy = Yo+ 0 [y U] Gonsa = 50 2. ()

By similar analysis using mean values of velocity over an interval in
the y-~direction the Lollowing equations are derived.

[(A;‘)’V)xzn-l - (M’W) EJ/ 2 =(§CDI§ Jmean (/{[J’r' "/z'og“)mean (Yos1 - Yo) (12)

Wedasr = W)y = (VegR/24K) mean(Vy V5w mean(tasl = ta)  (%2)

o 0 = 2% = W)/ U(Fde + Fda) ()
¥l = Xg *+ UV pey + (/1};“,):;] by - tp)/2 (bb)

Equations (36), (38), (39) and (40) are the basic equations of the water
droplet trejectory computer program for droplet trevel that is predominately
in the horizontel direction. For droplet travel in the vertical direction
equations (41) through (4k4) are used. The use of equations for travel either
horizontally or vertically permits the calculation of droplet trajectorizs

in areas where a fixed interval is not traversed in the selected direction.

The inclusion of gravitetional and buoyancy effects on the water droplet
trajectories results in the following mcdifications to the trajectory
equations. Equation (38) contains the additional term -(g/A,U) (PG
tn+} - t,) on the right side. Equation (41) must include the term

-(&/e) (/” = Pa) (Yp41 - Yn) on the right side.
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6.2.2

REVLTR:

E-3033 R1

Water Droplet Trajectory Computer Program

The water droplet trajectory computer program traces the trajectories
of individuel drops across finite incremental distances through the
incompressible potential flow field until they impinge on & surface
or pass out of the area of interest. This program includes aix
velocity compcnents and trajectory routines with appropriate tests

as shcwn on the following abreviated flow chart and on the detail
flow chert and lis%ing of the appendix.

A droplet size distribution impingement intensity summation routine
was edded to the water droplet trajectory progrem &s an option.
This routine was added to provide a more accurate comparison of the
program results with experimentsl deta in ertificial and natural
icing conditions. The Langmuir "D" droplet size distribution of
reference 1 was selected and incorporasted in the program. Other
droplet distributions could be added with small program changes.
The Langmuir "D" distribution is as follows.

Liquid water in size group, Averege group drop radius/volume
percent mean drop radius

5 0.31
10 0.52

20 -~ : 0.7T1

30 1.00

20 1.37
10 1.7%

5 2.22
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6.2.3 Vater Droplet Prajectory Computer Program Usege

Input Tor the water droplet itrajectory computer program comsisis of
geometric and potential flow dascriptive tablea snd data cards. The
tables are resd first in numerical order from ons thrcugn nine,
Table earrangement is shown on the following Teble Input Formst.
Symbols used in the Table Input Format ere described zs Giiews.

YiiC Number of ordinste valuzs in the isvie pluz
one. {(NGTE: YED is 2. for a szingle fanction
teble.) ’

NG Nushexr of sgoscissa values ian the teble plus
one.

Tabls No. Index number of teble.

T, Yo o0 Yy First, second ... n'th ordinate values

X1, Xo een Xy First, sscond ... 0'th sbscissa values

F (X3, Yy) Dependent veriable velue at (X;, ¥ ) vhers i has

velues 1, 2, ... @ and j has values 1, 2; cea m.

The physicel orientation of the ipndividual t«bles is shown on the Wabter

E

R

N
N

REVLTR:

Droplet Trajectory Computer Program Teble Key. A written description
of these tables 1s as follows.
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Water Drorplet Trajectory Computer
Program Table Key

- G o

T
Ek_xgine {_ _ /’__ - H
—--—— XB2 Table k&
————— XB3 Table 5
T T T ST I ST T
/’__..—-—’"'"'""'-'.—""
// /--—-'——" I
r
o
a/‘ T T
| Engine ¢ - L

~—-— YBl Table 8%
— =+ YB2 Teble 6%¥*
————— YB3 Table T**

¥ Table 9 1s generated from

Table & from the centerbody highlight aft.

** Tables 1 and 2 are gensrated from Tables § and 7, respectively,
from the cowl highlight aft.
 CALC REVISED | DATE
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Teble MNumber Veriable Description

“d

i Lower cowl surface distance from highlight versus
horizontal distance to right of highlight. A
dvmmy teble is input and the actual yvalues ere
generated internelly from Teble 6 values.

(sUP vs. X-XHL)

2 Upper cowl surface distence from highlight versus
horizontel distance to right of highlight. A
dummy teble is input and the actual values are
generated internelly from Table 7 values.

(SUP vs. X-XHL).

3 Stream function values versus X and Y. This is
the only double function table used and it is
generated by she potential flow program. The X and
Y values used are the mesh points ( ¥ vs. X, Y)

h First boundery value of X after left hand boundary
at given Y value (XB2 vs. Y).

5 Second boundery vealue of X after left hand boundery
at given Y value. (XB3 vs. Y)

6 First boundary value of Y above lower houndary at
given X value. (YB2 vs. X).

T Second boundary value of Y above lower boundary
at given X value (¥B3 vs. X)

8 Towest boundary value of Y at given X value. This
is normelly an extension of the engine centerline
and the centerbody surface (YBl vs. X)

9 Centerbody surface distance from highlight versus
horizontal distance to right of highlight.
A dummy table is input and the actual values are
generated from table 8 values. (SUP vs. X-XHL).

After the tables are read into the computer, the input data is called.
These data are arranged on six field T2-column floating decimal cards

as shown on the following Water Droplet Trajectory Computer Program
Input Format. The individual input quantities are described as follows.

LBBLEFR/ER INO. D3-6961
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Identification

Tape No.
X scale 1
Y scale 1
X set 1
Y set 1
X max 2
Y max 2
X scale 2
Y scale 2
X set 2
Y set 2

LWC

Ymax
Ydrop

AYirop

REVLTR:

E-3053 RY

Problem title - used a&s a heading on printout
end title on machine jlot.

Index number of plotting tape unit (usually 6)
X~-scale factor for first curve

Y-scale factor for first curve

Minimum X-value of first curve-inches
Minimum Y-value of first curve-inches
Maximum X-value of second curve-imches
Meximum Y-velue of second curve - inches
X-scale factor for second curve

Y~-scale factor for second curve

Minimum X-value of second cuive-inches
Minimum Y-value of second curve-inches
Liquid water content of air-1b/cu. inch
Droplet radius -~ ft.

Actuel remote free stream velocity - ft/sec.

Potential flow remote free streem velocity -
relative .

Air density - lb/cu. ft.

Air viscosity - 1b/ft. sec.

Maximum velue of X-inches

Meximum value of Y -inches

Initial Y-value for first water droplet-inches

Vertical increment betwz2en water droplets at
ini{ial X-value - inches

Initial X -value for water droplets - inches

Centerbody highlight X-value~ inches

S@EINVGINO. 13-6061
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Minimum model Y-value-inches

Maximum model Y-value for droplet calculations-
inches

Initial droplet velocity in the X-direction-ft/seco
initial droplet velocity in the Y-direction-ft/sec.

Direction of droplet travel key - negative is for
vertical trevel and positive indicates horizontal
travel.

Random input key - negative is for normal input
(increment Y drop) and positive indicates random
input.

Cowl highlight X-value-inches

Cowl highlight Y-value-inches

Flow field type key - zero indicates plane flow
and ore indicates axially symmetric flow.,

Solid particle-surfece resilience factor-ratio of
the particle normel velocity after impingement to
the normal velocity before impingement (absolute
values)

Particle density - lb/cu. ft.

Water droplet distribution summetion key -~-meen

droplet size of Langmuir D distribution if desired,
otherwise input zero.

Gravity and buoyancy effects key - zero if effects
neglected and one to include effects in the
calculations,

Coarse increment of X for calculations-inches

Fine increment of X for calculations-~-inches

X-value at change from coarse to fine X-increment-
inches

X-value at change from fine to corise X-increment-
inches

BEEINVE |NO. D3-6961
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YIRAPL Lower 1limit of particle trap - inches.

YTRAP2 Upper limit of particle trap - inches.
XTRAP1 Left limit of particle trap - inches.
XTRAP2 Right limit of particle trap - inches.
TABLE Tables 1, 2 and 9 generation key - calculate

if 1.0 and omit if zero.

SOEINEG|NO, D3-6961
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Output of the water droplet trajectory computer program consists of
tabular print out and a plotting megnetic tape. The tabular print out
includes a listing of the tables and input data, droplet starting
conditions, a step-by-step trajectory record and impingement data.

If a droplet size distribution summeation is requested, the results

are printed at the end of each droplet size calculation and at the
completion of the total distribution. The tebular print out includes
the following itews,

XNML X-value at completion of calculation across an
interval. This value is the XNN (starting)
value of the next interval - inches.

YMNL Y-value at compietion of cealculation across
an interval. This value is the M (starting)
value of the next intervel - inches,

DTW Time intervel required for droplet to cross
interval from XNN to XNNl. Units of feet at
remote free stream velocity.

CK Drag coefficient parameter, Cp Rpoy/2

REN Relative Reynolds Number of water droplet to
eir, Rre]_o

) VDX Normelized average horizontal air velocity

between XNN and XNNl.

VDXWNL Normalized horizontal water droplet velocity

' at XNNL,

VDYWNL Normalized vertical water droplet velocity at
XNNL.

VDY Normalized average vertical air velocity between
XNN and XNN1.

XKT Iteration of mean velocity counter used to

control non-convergling solutions.

DIRECT Direction of droplet travel key.
WATRAT Rate of water impingement between last two drops,
1t/min-sq. in.
AVS Aversge surface distance {rom highlight for impinge-
ment of last two droplets - inches,
Xp X-value at droplet impingement - inches.
? BFEINVLE|NO, D3-6961
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WATER

\

\ v

v
7.0

Y-value at droplet impingement - inches.
Water conteined in area between starting points
of last two droplets 1b/sec.- in.of depth.
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RESULTS AND DISCUSSION

Comparison of the computer program results with theoreticel and NACA
analytical and test data for program verification is shown on Figures 1
through 8. Figures 1, 2 and 3 verify the accuracy of the potential flow
computer program for both plane and axially-symmetric flow fields.

Stream lines celculated by the updated potential flow computer program
around a cylinder at right angles to a uniform stream (plane flow) are
shown on Figure 1. Theoretical stream line points are shown for com-
parison. This Figure indicates complete egreement between theory and
the program results in the area that would affect water droplet impinge-
ment with a slight variation further from the cylinder.

Figure 2 presents the potentiel flow stream lines for a sphere in a
uniform stream. These data for the axially-symmetric flow fileld compare
favorably with the theoreticel stream line points and are adequate for
accurate water droplet trajectory calculations.

The surfare velocity calculated by the potential flow program is compared
10 test results (reference 22), on Figure 3 for the front section of an
NACA 651-212, 72 inch chord airfoil. These data show good agreement in
the area of water droplet impingement. Disegreement on the aft section
is due to intentionally ebbreviated program input and could be improved
if required.

Figures 4 through 8 verify the sccuracy of the water droplet trajectory
program for both plane and axially-symmetric flow fields.

The bounding (tangent) water droplet trajectories calculated by the
contracted computer program and from Figure 2 of NACA report No. 1215
(reference 2), are superimposed on the cylinder-in-a-uniform-stream
potential flow field on Figure 4. These data do not sgree but the
differences can probaebly be attributed to calculation differences. The
NACA data do not consider the effects of gravity on the droplets and the
differential equations of motion were linearized et distances greater than
filve radii shead of the cylinder. The contracted digital computer solu-
tion considers gravitational effects and is computed from 20 radil shead
of the object. The difference in the bounding trajectory ordinate

values at the origin results in the computer program calculating ten
percent less impinged water than the NACA deta indicate.

The water impingement efficiency comparison on the NACA 651~212 airfoil
is shown on Figure 5. These data indicate very good agrecment in curve
shape and near sgreement in magnitude between the NACA TN 3839 (refer-
ence 17), test values and the computer program results. A slight differ-
ence in droplet size distribution from the assumed Langmuir "D" distribu-
tion could account for the difference in the curve values.

BZEINL N0, D3-6961
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The computed water impingement results for the 18 inch diameter sphere
are shown with NACA test and calculated deta on Figure 6. The computer
program results for the 14.7 micron velume mean droplet diameter drops
compare with the NACA test results as well as the NACA calculated data
does, but they ere on opposite sides. NACA TN 4092 (reference 12)
noted that the accuracy of determining the test droplet size was 1

and that this variation wouid account for the apparent test and calcula-
tion results discrepancy. Refining the calculstion increment (shorter
time interval) to provide the most accurate finite difference solution
of the differential equations of motion resulted in & lower water
impingement efficiency. It is believed that the earlier NACA calcula-
tions were rot refined as well as the contracted computer program and
therefore were not as accurate.

The computed water impingement intensity on a supersonic engine inlet

is compered to the NACA test results {reference 9) on Figures 7 and 8.
The centerbody impingement intensity shown on Figure 7 indicates
excellent agreement between the test and calculated data. These results
show that the computer program provides an accurate determination of
the water impingement intensity on an axially-symmetric model when the
rroper inputs are supplied.

Figure 8 illustrates the more difficult comparison of test and calculated
impingement on the supersonic inlet cowl. These data show very good
agreement in both magnitude and location. The computed results would
definitely provide an adequate design solution.

Machine plotting results are illustrated by Figure 9 for the potential
flow program end on Figures 10 and 11 for the water droplet trajectory

progrem.
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8.0 SYMBOLS AND REFEREHCES

8.1 Symbols

Symbol Desoription
a waber droplet radius
c zonstsnt of integration
Cp Nrag Coefficient
D Dreg. 1b.
F Force, 1b.
g Gravitational scceleration, 32.1T4 ft/sec.-sec.
k Proportionelity cénstant between eir velocity

and stream function that is eliminated by
arbitrary stream function values.

s

X inertia parameter,?2/ 3211‘,,/9 ) Ug s Tt

r radiue, in,

R Reynoids Number

< time, sec,

U free stream velocity, ft/sec.

Voo potential flow free stream velocity

o local velocity, ft/sec.
L a normalized local velocity, ~V7/U

X horizontal distance, inch

N vertical distance, inch

M viscosity 1b/ft.-sec.

P density ~ lbfcu. ft.

¥ stream function, relative

SOEIVE|NO. D3-6961
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10.0 APPENDICES

10.1 Appendix 1 - Potentiael Flow Computer Program Flow Chart
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UI=YNE)
va= Y’NFUN&T-PO S o '
U3=Y(N3) SR T
V4= Y(NFUNC‘M) _
IIJK=0 S
IXJ=0. e
KIJ: . A
Jiys ’ -

IHTWOo =Y -yaN) -

Us= Y(IN‘h)
IJK=]

HONE =Y (IN+2)-Y6]

Ul =Y{IN+3)
1K=l

<if;ﬁ+m
=Y(J)-YO

STWOK = Y(1)~Y(JN)
Ug= *"(JMﬁ} .
KIJ = ¢

’-

i

ONERY(NF)Y(D]
U= YIS -
JIKs]
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SUBROUTINE SUBB1

STA

MHA=3
N1=NFUNCT+NYR

g

2

NP1l=NP+NYR
D1=H1

NP1=NP-NYR
D1=TK1l

NPl=NP+1 NPl=NP=-1
D1=TK1 D1=TK]

L

|

L

De=Hl+He
NYA=%

BY=Y(NP1)-(D2/D)ICY(NPL) --Y(NP})

De=TK1+TKe
NXA=%
BX=Y(NPL1)~-(D2/D1)(Y(NP1)=-Y(NP))

SN
‘RETURN>
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NP=NGRADY+NYR
N3=NI+NYE

Uo=YUN#D
vi = YN .
H1 = Y(NDX) -
NXAS 2 .

R

IS A

‘2 Sl
h

U3=Y(N3)
[HL=Y(NDX +])

U3=Y(IN+3) ,
H2= Y(J)-Y(IN+2)]-HL 1. -

e m o

P .. * . - -

¥ S . . . . . s,

T5=Y(NDY-2) | * *- .

U2.= YCNFUNCT+) .
VO Y(NFUNCT#)} . -~ =~ -
U4 =YINFUNCT -1
us = Y(NFUNcr~:.) N
TKI=Y(NDY) SRR
TK2ZEY(NDY-1) f- -~ -

E 1586 RS
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Page 90

et imt e b wd
. ~

-

.

NP =NGRADY-NYR o N
NXA=3 A
NI =NFUNCT-NYR 4 .
N3“NI-NYR* |. .. D e
U0 = YUN#3) T e
vl = Y(NI) ' o

Hi = Y(NDX~1) ; Comn

> e

U3 =Y(INYI T
H1=]Y(J)~Y21N)L° Bl

. {U3=Y(N3) '
H2= Y(NDX-2) -

T\ > - : - e h,
-~ - . P oememte b . - s
. 4 < R
» et ran . \ 7/
' R
» ~.

et .
-

TS =Y{(NDY-2) |-& .-
TL = YINOY+1) -
V2= Y(NFUNCTH)
Uk = YINFUNCT+2)
U4 = YINFUNCT=1)
USs=Y(NFUNCT-2)
TK1=Y(NDY)
TK2L=2Y(NDY~=!)

@
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NYA=2
RETURN

B IR A v
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€0
N3= NFUNCT-NYR
NYAsQ
vo=YUN+H)

U2= YINFUNCT +1)
TR1=Y(NDY) .

v
U4 =YINFUNCTH)] - [U$=Y(IN+3)
TK22Y(NPY+1) TX2 =] Y(1)= YN+ -TK]

U3=Y(NJ) . .
H2 = Y(NDX~]) ]. . )

eyewn- 10 -
Hi=YMNDX) | 7 ,
Nxast - ]l

( RETURN ) '
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+ -
3

"IN3= NFUNC"'NYR
NYA=3 =~ -
Vo=Y(UN+3) <.
vasY(NFUNCT-DD |- -
TKI=Y(NDY-)) :

20 ‘e v raed v’ v el .-

D3- 6961
Page 92

U4 =Y(NFUNCT-2)
ATK2= chowz)

i,

e Y(JNH) -

~ TK2=1Y())-YWN)] = 77(1 : I R
Y R e
R PP .}‘.' N
U3=Y(N3)
ToreyN) L
TH12 YONDX) | -
] .
O [
o
.RETURN .
i SUBBl1
WL TIIE o9 Y2 L7705 o3 5 T M b Ay c—‘..\,-,;:'
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SUBROVTINE DERIV

START

ESr]

67:1)_1___’ — .
#l IFC-Tz‘ja) ]

DELTA =)
EG=1

[3 2 it

a , [DECTAZT]

H2=Hi+H2
FG=~]

DELTA (H2® (U1 -U0) + (HI > (U0-U3) )
(Hl)(Hz%(H2+(Fs)(Hn))

m ND=2.
=%

6X=

NXA:=NYA
LYDERIV=6X ] W%$4 Ul=y2
=4 U3=uU4
9 HI‘m

H2:TKL
53= \[(XDERI) yogmv) _
" Y\ FeT _ _

FCT
RETURN ~
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©

JLN=ILN+]

D3 -6961
" Page 9%

SUBROUTINE LINES

T
ILN=0
NNLNS=]

READ Nst,
CSCH, HRUNS, |
Vo ,

NGRDC=NGRDXC

NNLN5

NNLNS =}
SN
READ -
SLINES (INK),
INK= ')NSL

NSLNC=NGRPC
i

NE=|
Ie
i<
LN =NSLNC
N22|

MARC

{NGRAD =NGRDC }

!
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N1=NGRADX+NYR
N3=NGRADX-NYR,
Uo:=YHGRADX)
VI=YINI)

U= Y{NG RADX+1)

u3= Y(N3)
U4 = Y(NGRADX-1)

Nl=NGRADY+NYR

N3=NGRADY-NYR
vo=Y(NGRADY)
Ut=YWI)

U2=YINGRADY+!) |

U3=Y(N3)
U4 = YINGRADY-1)

N2=LN
V=0

3y
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Y1) <Y W)
Y(LN+2}=Y(1)+,

NVI=NV+]
Y(LN+3)<Y(NV)+
(Y(NVI)=Y(NVI)(XCViw

W=TWOK
Y(LN+3) = (WHWI)(Y(NV) -
YNV /W] +§(Nv+12

1 —
Y(LN+4)=[-—(-I~(——~———-I"/‘§ "3‘)2‘
LN=LN+S
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NvI=NV-§
YILN +3= YINV)+
(YINVI-YWV)XC/W |

Y(LN +3) sY(NV# )+~
/w1 ){Y (NY)- Y(Nv~)))/ wi

WI=TWOK]

i
VILN+4)= - (L) ™

LN=LN+5

LN\ 217983 (wRJ TE “STORASE
~ OVERRUN®
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sTOR
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KIg=0 § .,
| dIK=0 . ..
IJR=0 | -
¥
HONE =Y(NDX) L
HTWO = Y(NOX-1) - i
PR ONE.K:; Y(NDY).;. e, n..'... ' . e
P TWoK: Y{NDY-R ] .

ONEK s TWOK

TWOK=0ONEX [

AT A Y A DY LA R TN N I A M T )

a
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= 5
¥
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SUBROUTINE SORT

RANK=}
LN=LN-b
XLIP=XL]
XL2P=XL2
YLIP=Y
Y2P=YLZ
LINE=Q
TP(1)=23.
TP(2)=4.0
TP(3)=XSCL
TPMA)YSCL
TP)=0.
TP(6)=0,
TP(8)=4,
TP9)=0.

NSTOR = LN+5]
I[STOP =

N |

7 RANK _

Y(NSTOR)=Y(I)

Y (NSTORH)=Y (L +1)
YNSTOR+Y=Y{I+2)
Y(NSTOR3) =Y(1+43)
Y (NSTORA) = (144)

HSTOR =MSTOR+5

L2 J /f\ >L[‘\j /‘A ~“
N ) e "( Fv 2
" \.f/

= PRI € VAL X O PN (PR S AN SN 3 T TS PV b AN H e T2

e RGL LI 6 T s S AR 1 3
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NSTOR=NSTOR-$
NSTOR=LN+6

LINE=0
ALIP=XL]
XL2P=XLL

YLIP=YLI
YL2P=YL2

WRITE
EADING

[1=NSTOR] )

WRITE Y(L+1),Y(I+2), .
Y(1+3), vR, Y(M) Y(I+5)

LINE= LImEri

LIME 250 | LINE=0

|
TURN PA5E ANDD
WRITE HEADING
' .

Q

§§ [:1+5 |

&5 énsme@u_sg@
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NSTGR=NSTOR-3

NSTORS=NSTOR+2
NSTOR1=LN+3

e

LINE=
WRITE -
HEADING

I =NSTOR

WRITE ) .A >
), Yt b

LINE=LINE +]

50
% @—’ LINE=0
| 50

WRITE
HEADIN

QA
b ! I=1+3
ZNSTOR

A

PNSTOR
XelexLt|
XL2:=XL2|
Yel=yYLn
YL 2 Y22

. ,
. : {
! . : ’ :-. ‘ !
' 4
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e cmw

720
. l P

1=1

e |
|

- ettt cmiu.
.

J=J+! -
: XPWJ)=Y(1H)
B YP(JMCM’

© eemarmemmien s w  ee

YLl &
YP (IK)

NO§ JXPWK)=BITS
- IKNTR:KNTR+]
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~

XP(LJ)XP(LJIKT)
YP(LJ)=YP(LI+KT)
KT:O . .

S

JK=JKH

AT=J-KNTR-) - = = "oy
TP(7):AJ S o

nREVIZEO

Y A\
SORT 5°
2T ) AN RPN 3 T T e 1 ety eyt T O 7m0y g i oo g T

Dy 4\ NN £ TN AP TN 7D g prb i s 47
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WRITE J, (xpt),121,), )

e, 1=1,J)
— ) XLi-XLIA
{PLOT LINE) YL27XL2A
T YUl=YLIAY
'ﬁf‘ A _\j’_l—}-‘@ YLJ.:YLZA .
ISTOP =,
-2
T 0 @
TP(7)=0
TP(9)=-] : '

41 -
GEAD J, (P (), M=1,T),
(YP(M),M=I,J)
OB E
TP BCLA

TP (Z)

: TP(7)=0
o} TP(3)=-1

GPLOTS \ m
(End plot) \J
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NFUNCT =NCFCT-]
JK=NYR+§
1=)

N

PUNCH
$0

YT{1)=YUST+1)
1=2

N

ID=NKYV +1 -1
YT =YID)+YT (1)
[=]+]

£NYR 1

>NYR
XT(1)=KJ
1=2
¥

ID=NKXV+I -]
XT(1)=YUD)+XT(L-1)
I=1+1

ZNXC

NAC

TA(D=1
TA(2)=NYR+|
TA(3)=NXCH]
TA@4) =0
I=}

)

44
TA(I+4)=YT(1)
[=]1+]

REVizrzo
Top T S e

2ot AP SR ks IS0 0

E 166¢ RS

‘Y
TAWIK) =XT(1)
JK=JK +1
NQ@z}
—
NFUNCT =NFUNCT+!]
TA(TK) = Y(NFUNCT)
JK=JK+]
NQ=NQ+t/

WRITE A

I=')J]( oN TAPE
88 TO PuNCH
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SUBROUTINE H™ARC

START,

HL=0

SRANK=]

FLAG=0

2=0

LN=NakD¢
NGRADX=NGRIXC- |
"INGRADY=NGRDYC-]
NV=NGRDVC )
NKXY=NKXVC-/{
NFUNCT =NCFCT—|
NDX=NDXC~]
J=KJ

FST=0

I
NX =]

O
RANK=SRAN K

MNDY=NDYC -]
NKYV=NKYVC -]
NDX=NPX+|
[=I5T+|

NEXY/ =NXXN +]

ILN=LN
NGRADX=NQRADA+]
NGRADY =NGRAD1+)
NFUNCT = NFUNCT#|
NV=NY |
NKYv=NKYVH]
NDY * NDY +I
IN=J+ N

IN:I+2

KYVA= Y(NKYV Y1
Kyv3= XYVA :

A

REVISED
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KYYA=Y(ikxv)/4
KyvB=KYVA

K.XVB= XX VB-{
i
28,

IN=JN+4
JS=JS +|

SASRCH
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D3-6561
Page 109
[Kyva=Kyvs-1 |
IN=INT4
IS=I1S+{ } -
> KYVA £KyVA
D
ILINT{Y(IYY)) T2
25
5] -
FST=.0
HL=1.0
IKK=5 (2 + FLAG) __@
[Dx=LN-10- 10(FLAG) '
IK=] ’
fnecr et /eI 1 VA CPAIRI W WHIRE YR TICT S SOT W 3 & A N Mﬂ&&‘*zit'ﬁlwﬁﬂu.,

rEVIEFO
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KONT=LN+6-TK
YOONT) =Y{KONT -5}
I K= IK+}

{ YUI0X)=2.0
I

SRANK=2,0
RANK=SRANK
| £5T= 1.0
@ -
k=] IX:]
KONT=LN$6-IK KONT™ LN+6-1K
Y(RCNP=Y (K0T -5) Y(KONT?) = YCKENT=5)|.
IK=I K+ IK=IKt]
1K P e25
€20 29 >25
Y(LN-30)=2 Y(LN-25)=2
Y(LN-25)=3 Y(WN-20)=3
Y(LN-20)=] Y(LN-15) =4
- Y(LN-15)24 Y(LN-10)=2.
o Y(W-10)=1 YUN-5) 33
Y(LN-5)=3 Y(LN)= 4
*f YN =4 IN=LNH5

LN=WNt Y . @
’ 2
MARCAH
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-

KONT ={N+1-IK

Y (KGNT) =Y ( KONT=10)
IKz=IK+]

X

SRANK=5
RANK=SRANK
LN=(N+0
Y(LN-10) = RANK
Y (LM-5) = KANK#]

| J =] +INT (Y (NRXVIR
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E-303) A




IBF

90

907

4

TC WAMAIH

HAIN PROGRAN

DIMENSION Bi1),Y{18000%,SLINES{30}

COMMON BeNXC)NYRNEXVCENKYYC s NDXC s NDYL (NUFCTNBETACKS¢BITS4IST,
IHGNE sHTHO,,ONEE s TWOK y 1o IN o Js N IKI ) KTI 3 3 IK e I IK I TS NDOX NDY SNFUNCT, Y,
2SLINES HL,H2;TK1,TK2,NB1sNB2ZsNB3 ;NB4yNC1 NC2:NC3 NS4, NI NZ;UD,UL,
3U3;U2,U4%, IPRIN,NRSDUE;NSL¢NSLNC + NGRDC : NGRDXC yNGROYC s AXYHM s NGRAD «
LNGRACX yNGRADY 9 LN, CSCHyNGyNDERIYy SSRCHsNSWPS,OMEGA,CVYGS CONST,
SSTREAM)KNTRyAyC e DyE9FsGoHKLIsHK1I2,HI2HK2s8Y,BXyNKXV,HKYV,N3,
ENLRCAL;QoeR S ToVeW e XCyYL s IH,NTAPE

COVMNMON /VEL/ NGROVC

COMMON /COM2/ XSCL,YSCL,PUNCH, ITLE,YO0,Y1,XL1,XL2,YL1sYL2,XSCLA,
1YSCLASXL1A: YL1A,XL2A,YL2A

DIMENSION [TLE(2%)

REWIND 23

1 00 10 I=1,18000
0 Y{I)=0,

S=1.

PUNT = 0O,

HEDGE=.75

NSWEEP=20

FLINM=10,.

CALL INPUT

2 CALL SEARCH(YO,Y1l,yisK1l)

THIS ROUTINE ALSO FINDS ERRORS IN THE INPUT DATA,GENERATES THE

COEFFICIENTS OF THE DIFFERENCE ANALOGUE, AND ENFOFCES DERIVATIVES.

[FIKNTR}40,907,40

CALL SWEEP(PUNT,;NSHWEEP,HEDGE,FLIM)

v=al,.

CALL SEARCH(YO,Y1lyX,K1)

CALL \ELOC

V==1.0

CALL SEARCH (YO,Y1l,X»K1)

CALL LINES

0 sToP

END

01
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o(
o(
(]¢

0(
ot
]



3IBFTC WALNKL

SUBROUTINE INPUT

DIPENSION Y{18CCO);SLINES{30]),X(6)

COMMON ByNXCoaNYRNKXVCaNKYVC o NOXC  NDYCyNCFCToNBETAC:KJ,BITS,[ST,
1HONE pHTWO,ONEK s THWOK » L oINS J 9 IN IKJ oK TJ 9 JIK 2T IK eI TyNDX s NDY o NFUNCT,Y»
CSLINES Hl1 s H2,TKI ~TKZyNB1;NB2,NB3,NB4yNC1,NC2y,NC3,NC4,N1,N2,U0,U},
IU3,U25U%, {PRINANRSDUESNSL.NSLNC4NGRDC s NGRDXCyNGRDYT ¢ AXYM, NGRAD,
4NGRADX ¢y NGRADY ¢ LN oCSCHyNGyNDERIV o SSRCH ) NSWPS ,OMEGA,CVGS,CONST,
SSTREANM,KNTR,AyC, Dy E9FeGoHK]L yHK12,H12,HK24BY BXyNKXV,NKYVY,N3,
GNLRCAL Qo ReSaTaVaeWyXCrYCy IHyNTAPE

COMMNON FCOM2/ XSCL,YSCL,PUNCH, ITLEYO,YLsXL1,XL2,YLL,YL2,XSCLA,
tYSCLA; XLIA,YLIA,XL2A,YL2A

COVMMON /VEL/ NGRCVC

DIMENSION [TLE(24)

5C1 FORMAT (6E1246)

502 FORMAT (6112)

503 FORMAT (12A61)

600 FORMAT (TH AXYM =F2.,0,11X, THNDERIV=I2% 10X,S5HXSCL=F8.3,4X,5HYSCL=
1F8,3/ TH NSWPS=16, TX,.THYO =FBs3y 4X,5HXL1 =F8.394X,5HYLL =
2F8.3/ TH CVGS =F9.7, 4X,THYL zFB8e3y 4XsSHXL2 =F8.394X,5HYL2 =
3F8.3/ TH PUNCH=F2,0530X, 6HXSCLA=FT.3,4X6MYSCLA=FT,3/

4 39Xy 5HXL1A=FB. 394Xy SHYL1A=F8,2/ 39X5HXL2A=F84394Xy
S5HYL2A=F84,3//)

610 FORMAT(1H1,12A6/1%X,1246/7/4)

XSCLA%0. )

2 A=1l,

v=(g,

CSCH=0,

N2=0

T«0,

C=1.

CONSTEL,

CHMEGA=1.37

STREAM = 0,

RUN = 0.

DUM1=0,.

READ (5,503) (TLE

WRITE (69610) ITLE

READ (5,501) AXYMyCVGS¢s ANSWPS:PUNCH

NSWPS=ANSKPS

READ (5,501) ANDERV:YO,Y1

NDERIV=ANDERY.

READ (5,501) XSCL,YSCLXL1,XLZ2,YLY,yYL2

READ (54501) XSCLA,YSCLA,ZXL1A,XL2A,YL1A,YL2A

[F (AXYMLEQele)l STREAMa-~1,

[F (AXYMJEQ.l. ) CONS'T‘O.

9300 CALL CHECK

1F (KNTR.NE.C} STQP

WRITE (64+600) AXYM,NDERIV)XSCLsYSCL NSWPSoYO XL1sYLYoCVGSsYLleXL2y
1YL2,PUNCH,XSCLA,YSCLA, XL1A,YL1A, XL2A,YL2A

42 RETURN
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SUBROUTINE CHECK
o C THIS ROUTINE READS COORDINATE INPUT, CHECKS FOR ERRURS,AND PRINTS
‘ C COORDINATE INPUT.

DIMEMSION B{(1),Y(18000),SLINES{30?

COMMON ByNXCoaNYRJNXXVCyNKYVC ) NDXCoNOYC,NCFCT,NBETAC,KJ,BITS,I1S87,
IHONE yHTWO  ONEK g THOK 9 19 IN2 Sy N2 IKJ oK1y JIKo IJKy I Ty NDX,NDY;NFUNCT, Y,
2SLINESyHL,H2,TK1yTK2yNB1sNB2sNB3yNB4yNC1 ¢NC2y,NC3,NCGyN1,N2,U0,U},
3U34U2,U%, IPRINyNRSDUE yNSLyNSLNC ¢ NGRDC ¢y NGRDXC s NGRDYC  AXYM, NGRAD,
HNGRADX s NGEADY o LN CSCHyNG, EXTRAP ¢ SSRCHNSHPSOMEGA,LVGS,CONST,
SSYREAMsKNTR)A9CyDyEyFyGyHK L g HKIR2 ¢ HL 2o HK2 ¢BY ¢ BX s NKXVo NKYV,4N3,
GPsQyRsSsToVeWeXCoYCo IH NTAPE

COMMON /VEL/ NGROYC

227 FORMAT (4H Y1=F12.5/61H CHECK THE INPUT DATA CARD WHICH HAS THIS Y
X AS ITS FIRST TERM/4TH EITHER THE CONSTANT TERM IS NOT DIVISISBLE B
XY 4/55H EXACTLY OR THE BOUNDARY COORDINATES ARE NOT MONOTONIC.//)

228 FORMAT (4H Y1=F12.5/74H Y2=F12.5/41H THE COORDINATE VALUES ARE NOT
XMONOTONIC.// )

501 FORMAT (6E12.6)

599 FORMAT (1H1)

600 FORMAT (67TH COORDINATES AND FUNCTION VALUES FOR BOUNDARY POINTS ON

g 1 MESH ROWS //8X31HY 313X 1HNp13Xs1HXg12XsOHF(XyY) s 10X IHXp11X6H-(

' 2X3Y)77)

601 FORMAT {68HICOORDINATES AND FUNCTION VALUES FOR BOUNDARY POINTS ON
1 MESH COLUMNS//8Xe1HXs13Xs IHN913Xy1HY 9 12Xe6HF{X,)Y) 310Xy 1HY411X,6HF
2{X,Y)77)

602 FORMAT (1Xe6F14.79/(29X94F14,T7))

620 FORMAT ([1Xy6F14.7)

. 686 FORMAT {1xns4l10)

I LINE=S

’ KNIR = 0

[ST=500
[ = [ST+1

C Y(I} IS THE LOCATION OF THE FIRST Y INPUT VALUE.

NKYV=1

NKYVC=NKYV.

NKYV AND NKXV GIVE THE BEGINNING OF KYV AND KXV

iN Y ARRAY. THESE TWO VECTORS TELL HOW MANY BOUNDARY

VALUES ARE CONNECTED WITH EATH Y AND X COORDINATE,

NDY=150
NKXV=300
NDX=450

KNT=1
WRITE (6,600)

[E=]+5

READ {5,501 ){Y(IR},IR=T,IE)}

L = Y(I+])

Y{NKYV)=L

40 XL=L

IF (AMODIXL,4,))2405%4,240

260 WRITE (6,227) Y(1)

KNTR = }

e——

OO0
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el

46

52

245

62

26

285

290

291

LN = L=-2

LO0P S CHECKS MONOTONICITY OF X BOUNDARY COORDIHATES

DO 5 M = 1,LN,2

IF [M.EQ.L) GO TO 52

XMz=M+ 1

IF (AMOD{XM,4s) +NEL0O.} G~ TO S2
[BxJ+M+3

1E2iB+¢3

READ {5,501) (Y{IR),IR=IB,IE)
IN=J+N~-}
IFIYUIN+4)-Y([N#+2))245,5,5
WRITE (64227} Y(J)

KHTR = |

CONTINUE

LQaJ+INT(Y(J+1))+1

WRITE (6+602)(Y{L4),L4=3,LQ)
LINE=LINE+!]

IF (LINELT.25) GO TO 62
LINE=D

WRITE (6,4601)

MIT=J+L+2

[E=MIT+5

READ (5,501) (Y{IR),IR=M]IT,IE}
IF (Y{MIT+1).EQ.0.} GO TO 28%
KNT=KNT+1

Y{NDX)=Y(MIT)=-Y(J)
IF{YINDX)}243,8,8

IF STATEMENT CHECKS MONOTONICITY OF X COORDINATES

HRITE {6,228) Y(J)YIMIT)
KNTR = }

NKXY =2 NKXV + 1
J=MIT

L=y (J+1l)

NOX = NDX + 1

Y {NKXV)=L

GO TO 260
NXC=KNT

D0 290 IQ=1,NYR
IPT=NYR+IQ
Y{IPT)=Y{IQ+149)
CONTINUE

DO 291 1Q=1,4NXC
1PT=22aNYR+IQ
YUIPT)=Y(1Q+299)
[PT=2eNYR+NXC+!Q
YIIPT)=Y{1Q+449)
CONTINUE
I1ST=2#(NXC#NYR)
NDY=NYR+1
NDYC=NDY

NDYC GIVES LQCATION QOF FIRST Y MESH VALUE IN Y ARRAY.

NKXV=NDY +NYR

3-€961
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&4

51
241

16

61

244

24

260

242

LN = L=2

LOOP 16 CHECKS MONOTONICITY OF Y BOUNDARY COORDINATES
DC 16 M=1,LN,2

IF (M,EQ.l) GO TO 51

XM=M+1

IF {AMOD(XM;4.) oNE.O.) GO TO 51
IB=]+H+3

[E=]B+3

READ (51501, (Y!IR),!R*IB!XE'
IN = 1+M=-]
IF{Y(IN+4)-Y(IN+2))2641,16,16
HRITE [6,227) Y(1)

KNTR = }

CONTINUE

LQ=T+INT(Y(I+1)}+]

WRITE (6,602} {Y{L4)sL4&=1,LQ)
LINE=LINE+!

IF (LINE.LT<25) GO TO 61
LINE=0

WRITE {6,599)

WRITE ({6,600}

MIT = [+L+2

l1E=MIT+S

READ £5,501) {Y{IR)sIR=MIT,!IE)
Y{NDY)aY{MIT)~Y(1}

IF (Y(MIT+1l).EQ.O0.) GO TO 280
KNT=KNT+1

IF{Y{NDY))244,24,24
[F*STATEMENT CHECKS MONOTONICITY OF Y COORDINATES
WRITE (642281 Y(1)Y(MIT)
KNTR = 1

NKYV=NKYV+1

[=MIT

L=Y(I+1)

NOY = NOY + 1

Y {NKYV)=L

GO TO 40

NYR=KNT

KNT=1

Ja2vl+]

KJ=J

Y{KJ! IS THE LOCATION OF THE FIRST X INPUT VALUE.
LINE=O

[E=J+¢5

READ (5,50L) {Y(IR)oIR=J,1E)}
L=¥Y({Jel)

Y {NKXV)=L

WRITE (6,601}

XL=L

[F (AMOD({ XL 4,))242,464242
WRITE {(6,227) YtJ)

KNTR = }
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295

59

NKXVC=NKXY

NOX=NKXV+NXC

NDXC=NDX

NOXC GIVES LOCATION OF FIRST X MESH YALUE IN Y ARRAY.
DO 295 [=1,4000

[D=1ST+1

Y{ID)=Y{1+60G)

CONTINUE

KJ=KJ-600+]ST

MCFCT=MIT~600+IST

Y {NCFCT} IS THE FIRST FUNCTION VALUE LOCATION.
NBETAC=NCFCT+{NXC=NYR)

Y{NBETAC)IS THE FIRST CONSTANT VALUE LOCATION.
MK=NXC&NYR

NGROVC=NBETAC

NGRDOXC=NBETAC+MK

NGRDYC=NGRDXC+¥K , . ..
NGRDC=NGRDYC +MK

IF (LINE.GT.22) WRITE (6,599}

RETURN

END
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$IBFTC WASRCH
SUBROUTINE SEARCH{YO,Y1l,X,K1)
C THIS ROUTINE PLACES THE INPUT BOUNDARY VALUES IN THE PSI ARRAY
C WHICH BEGINS WITH Y{NFUNCT)e IT CHECKS FOR INCONSISTENCY IN INPUT
c ANG CALLS REGION FOR EACH MESH POINT INSIDE THE REGION.

DIMENSION B(1),Y{18000),SLINES{30)

DIMENSION X(6)

COMMGN ByNXCyNYRyNKXVCyNKYVC,NDXCyNDYC o NCFCToNBETAC K S,BITS,IST,
JHONE ;HTWO o ONEK s THOK g 14 INgJ 9 INg IKJ KT JpJIKe IIKy I ToNDX s NOY s NFUNCT,Y ¢
2SLINESsHL H24TK1,TK2,NB1yNB2,NB3 ,NB4yNC1,NC2,NC34NC&,N1,N2,U0,U1,
3U3,U2,4U4, IPRINyNRSDUE,NSL,NSLNCyNGRDC y NGRDXC ¢NGRDYC 9 AXYMy NGRAD,
4NGRADX s NGRADY yLNoCSCH¢NGy IXTRAPySSRCHyNSHPS,OMEGA,CVYGS+CONST
SSTREAMyKNTRyApCyDE4FyGeHK1,HK12, HlZ'HKZ.BY.BX.NKXV.NKYV,N3.
EPsQiR»S»TyVyHeXCsYC, IHyNTAPE

COMMON UBDY,LBOY

225 FORMAT (4H Y1=F12.6/4H Y2=F12.6/56H THE POINT (Yl,Y2Z) HAS ONE COGR
ADINATE OUTSIOE THE REGION//)

620 FORMAT {1X,6Fl4.7}

621 FORMAT (3]124)

625 FORMAT (120H THIS PROBLEM IS TOO BiGe ELIMINATE AS MANY OF THE MES
1H POINTS FOR WHICH PSI VALUES ARE CALCULATED AS THERE ARE OF SUCH-
2/26H POINTS TO THE RIGHT OF X=Flé4,7})

626 FORMAT (B8F12.5)

630 FORMAT (5F15.4)

631 FORMAT (1H!1)

IF {CONST.EQ.1.,)GC TO &

A=zl,

C=1,

D=0,

G=0,

F=0.

8 BITS==-2.,+#15

UBDY=CQe

L80Y=0

KNTR = 0

[T=NBETAC

NKXV=NKXVC~-1

NFUNCT=NCFCT=~}

NOX=NDXC~-1

JaKJ

C LOOPS 75 AND 76 PERMIT CHECKING POINTS 8Y COLUMN

DO 76 NX=1,NXC

NDY=NDYC~1

NKYV=NKYVC=-1

NKXVaNKXY+l

9 NDX=NDX+1

XCaY{J)

[ = IST+]

DO 755 NY=1,NYR '

NOY=NDY+1

NKYV=NKYV+1

NFUNCTaNFUNCT +1
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PO

OO0

11

i3
113

12

1i2
110

10

101
750

33
171
333
633

400

YC=Y(])

JN=j+2

IN=I+2

KYVA=Y{NKYV}/4,.

KYVB = KYVA

LOOPS 10 AND 112 CHECK ALL POINTS BETWEEN BOUNDARY COORDINATES
TO DETERMINE THEIR LOCATION IN THE FIELD

DO 10 IS=1,KYVA _

ENTRY PERMITS TRANFER OF BOUNDARY MESH POINTS TO FUNCTION ARRAY
ENTRY=Y(IN+1)

IF{Y(IN)=Y{J})1,2,3

YUIN) IS THE LOCATION OF THE LEFT X BOUNDARY COORDINATE
CNTRY=Y{ IN+3)

(YU IN#2)~-Y(J))110,2,7

KXVA=Y(NKXV}i /4,

KXVB8=KXVYA

DO 112 JS=1,KXVA

ENTRY=Y({JIN+1)

IFIY{INI-Y(1}}11,2,33

ENTRY=Y{JN+3)

IF(Y(JUN+2)-Y(1))12,2,13

SUBROUTINE REGION GENERATES MESH DISTANCES THAT
ARE NOT FOUND IN THE CHECK SUBROUTIIE. THESE ARE
THE SHORT DISTANCES TO THE BOUNDARY.

IFE (V) 75,113,75

CALL REGION

GO 10 715

KXVB=KXva~-1 '

[F{KXVB) 33,333,112

JN=JN+4

KYVB = KYV3-]

IF {(KYVB) 3,3,10

INzIN+S

Y{JN) IS THE LOCATION OF THE LEFT Y BOUNDARY COORDINATE
I A PGINT IS IN THE FIELD IN THE X-DIRECTION
AND OQUT IN THE Y-DIRECTION, THE ROUTINE GOES

TO LOCATION 750 INDICATING INCORRECT INPUT DATA.
IF (Y{JIN)-Y(I))101,750,333

[F (Y{IN+2)-Y(1})333,750,750

WRITE (64225) YL1},Y(J)

KNTR =.1

GG YO 75

MINUS ALL BITS ARE STORED IN COEFFICIENT ARRAY FOR
POINTS WHICH ARE NOT IN THE REGION DEFINED.

[F (Y{IN)=Y(J))171,750,333

IF (Y{IN+2)-Y(J))333,750,750

IF (V) 400,632,632

Y{IT)}=BITS

[T=1T+1

GO 70 75

IF (YUIN)GTY(I)) YINFUNCT)=Y{JH+1)

IF {YUIN+2) LT Y(1)) YINFUNCT}=Y(JUN+3)
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632

232
2202

2222

222
15
25

200

321

204
201
206

123
207

75
755
76

300

305

310
540
320

GO T0 75

Y{NFUNCT)=BITS

GO TO 75

IF (V) 75,22,75

ASSIGN 2222 TO L1

IF {IXTRAP)22292324222
CONTINUE

Y{NFUNCT)=ENTRY

GO TO L1,(2222,75)
Y(IT)=BITS

IT =1T+1

GO 10 75

CHECK HERE TO FIND WHERE DERIVATIVES ARE TO BE ENFORCED
IF {(Y(1})-Y0)200,15,200

IF {Y{Ji-Y{IN))25,232,25
IF {Y{J)-YUIN+2})123,232,123
{F (Y(I)=-Y1)232,321,232
KN=1

DO 2¢'1 K=1,K1

IF (Y{J)-X{KN)}201,232,204%
IF {(Y{J)-XTKN+1))206,232,201
KN=KN+2

usdY=1.

GO TO 207

LBOY=1,

CALL REGION

ASSIGN 75 TO Lt

GO TO 2202

If (I7.6GT.18000) GG TO 320
[=I+INT{Y{NKYV]))+2
JJ+INTUIY{NKXV))+2

IF {(V.NE.OQO.) GO TQ 548
[1ST+1

NFUNCT=NCFCT

DO 310 NY=1,NYR
NHALF=NXC/2

D0 300 MC=1,NHALF

IF (YINFUNCT).NE.O.}GO TO 300
Y{NFUNCT)=zY({[+3)
NFUNCT=NFUNCT+NYR
NHALF=NHALF+1

DO 305 MC=NHALF,NXC

IF (Y{NFUNCT).NELOL)GO TO 305
IPNPI=J+INT(Y{I+1))+1
Y{NFUNCT)=Y(IPNPL}
NFUNCT=aNFUNCT+RYR
NFUNCT=NCFCT #NY
I=T+INT(Y(I+]1 ))e2

RETURN

WRITE (64625) Y(J)

STOP

ENO

571
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C
c
(o

150

51
151

52
152

53
153

540

THIS ROUTINE GETS PSI YALUES OF THE NEAREST POINTS IN FOUR

CIRECTIGNS FROM THE POINT IN QUESTION AND THE DISTANCES TQ THESE

POINTS
DIMENSION B(1),Y{18000),SLINES(30)

COMMON ByNXCsNYRyNKXVCyNKYVC,NDXC,NDYC NCFL.T,NBETAC,KJjsBITS+IST,
LHONE s HTHO ; ONEK y ThOK y [ g INg J s INy IKJyKIJ 9 JIK; TIK9 IToNDX s NDY s NFUNCT Y
2SLINES,H1,H2,TK1,TK2,NB1,N82,NB3,NB4,NC1,NC24NC34NC4sN1,N2,U0,Ul,
3U3,U2,U4, IPRIN,NRSDUE,NSL,NSLNCyNGRDC ¢ NGRDXC yNGROYC s AXYM,NGRAD,
4NGRACX s NGRADY,ILN,CSCHyNG,EXTRAP, SSRCH'NSHPS'OHESA)CVGS'CONST'

SSTREAM KNTRyAyC oDy EpFyGeHKLyHK12,H12yHK2,BY yBXsNKXVyNKYVeN3»

6Ps QRS TV W XCyYC,y IHyNTAPE
N1 = NFUNCT#NYR
N3=NFUNCT-NYR

HONE=Y (NDX)

HTHWO=Y{NOX-1}

ONEK=Y({NDY)

TWOK=Y{NDY~-1}

UO=Y{NFUNCT)

Ul=Y{N1)

U2=Y{NFUNCT+1)

U3=Y(N3)

U&=Y{NFUNCT-1)}

1JK=0

[KJ=0

KlJ=0

JIK=0

IF (YUIN)=-Y(J)+Y(ND¥~-1})51,51,150

HTWO = Y(J)~Y{IN)
U3=Y(IN+1)
[JK=1

IFIY{IN®2)-Y(J)-Y{NDX))15L,52,52
HONE = Y({IN+2)-Y(J)

Ul=Y(IN+3)

[KJ=1
IFIY(JN)-Y{I}+Y(NDOY~-1})52,53,152
TWOK = Y({1)-Y(JN)

Ubz=Y(JIN+1)

KlJ=t
[F(Y(IN+2)=-Y{I)~Y(NDY))153,540,540
ONEK = Y{(JIN+2)-Y(1)

U2=Y(JN+3}

JiK=1

RETURN

END
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N S -

SUBROUTINE ACDEFG

DIMENSION B8(1},Y{18000),SLINES{30}

COMMON B,NXCyNYR,NKXVC s NKYVC (NDXC,NDYCsNCFCToNBETAC,KJBITS,IST,
LHONE s HTHO yONEK g THOK ¢ Iy INgJ 9 NS IKJ 9K I 2 JIK1UK, IT,NDXsNDY s NFUNCT Y
2SLINES,HL1 ,H2,TK1,TK2,NB1,N82,NB3,NB%,NC1,NC2,NC3,NC4,N1,N2,U0,Ul,
3U3,U2,U4, {PRIN,NRSDUE,NSLsNSLNC ¢NGRDC ¢ NGRDXC 4 NGRDYC » AXYM, NGRAD,
4NGRADX s NGRADY LN, CSCHyNG,EXTRAP,SSRCH,NSHPS,OMEGA,CVGS;CONST,
SSTREAMsKNTR AsCyDpEs FyGoyHKIyHK1IZ2yH12,HK2,BYsBXyNKXVNKYVy N3
ONLRCALyQyReSs T VeWNsXCsYCo IHoNTAPE

IF (AXYM) 1,21

IF (YII)) 3,4,3

C=2.

E=0,

GOTO0 7

E=STREAM/YI(])

RETURN

END
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$IBFTC WACNST

+ CN

(aNeXe

AOOOO

222

202

201
210
204

203
211
206

205
212
208

207

STNT SUBROUTINE FOR CALCULATING CONSTANTS OF DIFFFERENCE EQUATIONS

SUBROUTINE CNSTNT
THIS ROUTINE CALCULATES THE WEIGHTS TO 8E GIVEW THE PSI VALUES OF
THE FOUR SURROUNDING POINTS IN THE RELAXATION. THESE CONSTANTS ARE
STORED B8Y SEARCH IN THE ARRAY THAT BEGINS KWITH YINBETAC).

CIMENSION B(1),Y(18000),SLINES(30)

COMMON ByNXCyNYRyNKXVC,NKYVC o NDXCyNDYCyNCFCT,NBETAC,KJ,8ITS,IST,
1HONE s HTWO yONEX y THOK g I 9 IN9J 3 INeIKJ s KT »JIK s IJKs [T NOXyNDY o NFUNCT, Y,
2SLINES ;H1 yH2,,TK1,TK2,NB1,NB2,NB3sNB&,NC1yNC2y,NC34,NC4,NL4N2,U0,Ul,
3U3,U2,U4, IPRINyNRSDUE s NSLyNSLNC s NGRDC ¢ NGRDXC 4 NGRDYZ  AXYM,NGRAD,
ANGRADX o NGRADY s LNoCSCHy NG IXTRAP s SSRCHyNSHPS,OMEGA,CVGSyCONST,
53TREAM)KNTR, A.C. DcEv FpG'HK}.,HK121H12|HK2,BY,BX,NKXV:NKYV,Ns,
6P QyR,SeT VN XCyYCy IHyNTAPE

COMMON UBDY,LBDY

THE CONSTANTS IKJ,JIKslJK.XIJ ARE SET EQUAL TO 1 IF LESS THAN A

MESH DISTANCE AWAY FROM A BUUNDARY POINT.IN THIS CASE THE FUNCTION

VALUE AT THE

BOUNDARY IS INCLUDED IN THE CONSTANT TERM Y(IT+4), AND THE

CORRESPONDING CONSTANT TERM IS SET EQUAL TO ZERO. )

BA=(HTHWO=D+2, #A)/ (HONE= {HINE+HTKWO))

BB={2.#C+TWOK#E)/{ONEK# {ONEK+TWOK )

BC=2(2,#A-HUONE#D)/{HTHWO»* (HONE+HTWD})

BD=(2,#C~ONEK#E}/(TWOK#* {ONEX+TWOK})

BE=-F+BA+BB+8C+8D

BE=1./BE

Y{IT+4)=-G*BE

IF(IKJ3)202,201,202

BA = BA=Y(IN+Z)#*BE

Y{IT)=0.

Y(IT+4)13BA+Y{IT+4}

GO TOo 210

Y{IT)=8BA=BE

[F{JIK)204,203,20%

B3 = BB=Y{JN+3)+BE

Y{IT+1)=0,

Y{IT+4)=8B+Y{IV+4)

GO 10O 211

Y(IT+1) =BB=BE

[F{IJK)206,205,206

BC=B8CeY{IN+1}2BE

Y(IT+2)=0,

Y{IT+4)3BC+Y(IT+4)

GO TQ 212

Y(IT+2)=8C«BE

[F{1J)208,207,208

BD=80*Y{JN+1)#BE

Y{1T+3)=0.

Y{IT+#4)280+Y({ 1T +4)

GO TO 213

Y{IT+3)=BDeBE

ANY DERIVATIVE ENFORCEMENT BEGINS WITH STATEMENT 213
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213
217
1

W N

225
221

[F {IXTRAP) 217,227,217
IF (UBDY} 1,21
YOIT+3)=Y(IT+3)+Y(IT+1}
Y{IT+1)=0.

GO TO 225

IF (LBDY) 3,227+3
Y{IT+#1)=Y(IT+3)+Y(IT+1)
Y{IT+3}=0,

UusDY=0,

LBDY=0

IT=[T+S

RETURN

ENDO
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253

686
750

316

310
311

204

1))

13
17

C WASHEP

SUBROUTINE SWEEP{PUNT,NSWEEP,HEDGE,FLIM)

DIHENSION STORE(25)
DIMENSION B(1),Y{18000),SLINES{30)

COMMON ByNXCyNYRyNKXVC)NKYVC yNDXCoNDTCoNCFCTY,NBETAC,KJyBITS,IST,
1HONE sy HTHO )ONEKy THOK 3 T s IN I o N2 IKJ 2K (J 9 JIK 1 UKy I T, NDX,NDY,NFUNCT, Y,
2SLINES H1+H2,TK1,TK2,NB1,NB2yNB3  NB4,NC1,NC2,NC3;NC4,4N1,
3U3,U2,U%, IPRINyNRSDUE yNSL¢NSLNC+NGRDZ s NGRDXC o NGRDYL , AXYM-MGRAD,

\

N2,U0,UL,

4NGRADX yNGRADYyLNsCSCH,NG, EXTRAP» SSRCH,NSWPS,OMEGA,CVGS,CONST,
SSTREAMIKNTR Ay CyDyEsFyGaHK1 ) HK124H12,HK2BY . BX g NKXV o NKYV4N3,

6P1QsReSaTeVeWsXCyYC o IHsNTAPE
COMMON /VEL/ NGRDYL

FORMAT (/13H SWEEP NUMBERIS, 9H RESIDUE=E1S5.7,
110H AT CTOLUMN,14y4H ROW;14,25H WITH CONVERGENCE HISTORY//{6F18.6))

255 FORMAT {36HOPROGRAM LEFT SUBROUTINE SWEEP AFTER,[18,12H SWEEPS WITH

XF12.6,8H RESIDUE//)
FORMAT (1X,4110)

1
FORMAT {1H1}

WRITE (6,750)

IN=0

REWIND 8

NSKEP1=NSWEEP
WRITE{8)(Y{INM), INM=NBETAC,18000)
MK=NXC#NYR

N=1

D0 311 NNN=1,25
STORE(NNN)=0,

MN=2

DO 112 JUN1=1,NSWEPL
IN=IN+1

JNxJN1/2+1

MN=3-MN

GOTO(1s2)MN
NBETA=NBETAC

NADD=1

NFUNCT=NCFCYT

GG 70 3

NBETA=NBETA~1

NADD=a-1

NFUNCT=NFUNCT-~1

RSD1=0.

PO 12 1I=14NXC

DO 12 I=1,.NYR
IF{YINBETA}-BITS)4,10,4
TEMP=Y{NFUNCT?

GO TO (645),MN
NBETA=NBETA~-%
TEMP1=RELAX{NBETAgNFUNCT)
IF{{]+EQe¢l)ORs{1+GELNYR)) GO TO 601
RSDO=TEMPL1-TEMP
RSD0=RSD=0HEGA
Y{NFUNCT)=TEMP+RSD

D3-6961
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601

99

20
21

98

§7
10
12
400
301

299
302
303
298
304

318
112

320

329

330
331

322

321

324

306
16
307

GO TCO {748):MN
NBETA=NBETA+4
IF{JN-1)9,9,10

IF (RSD1~-ABS (RSD}) 99,10,10

RSD1=ABS (RSD)

RSD3=RSD

RS04=RS03

NLOC=NFUNCT

NLOC1=NGETA
GOTO(20,21) - MN
NLOC1=NLOC1-4
NFU={NFUNCT-NCFCT+1)/NYR

NFUN=(NFUNCT-NCFCT+1)}-NFU#NYR

[FINFUN}GT 498,497
NFUN=NYR

NFU=NFU+L
NBETA=NBETA+NADD
NFUNCT=NFUNCT+NADD
GOTO(301,112)sMN
STORE(JIN)=Y{NLOC])

GO T0O(112,299})N
IF{JIN-2)302,112,303
IF(RSD1-CVGS)502,304,304

IFIISTORE(IN)=STORE{IN-1))/7{STORE(IN-1)-STORE(IN=-2}}1298,112,112

N=2
GOTO 306
TEND=NCFCT¢MK

WRITE (8) {Y(IJN),IJIN=NCFCT,{END)

BACKSPACE 8
CONTINUE
GO TO(3064320)N

FACT=(STORE({6)-STORE(S)}/(STORE(2)~-STORE(1})

IFIFACY-.98)329,330,330

FACT={1.,/{1.~-FACT)=-1.)*HEDGE*].

FACT=AMINL{FACT,FLIM)
GOTO 33)

FACT=FLIM
NBETAX=NBETA+1-NCFCT
[END=NBETAC +MK

READ (8) (Y(IJN),IJN=NBETAC,IEND)

NFUNCT=NCFCT
NBETA=NBETAC
DO 321 [I=1,MK

YINFUNCT)=(Y(NFUNCT)~-Y(NBETA})#FACT+Y{NBETA)

NFUNCTaNFUNCT +1
NBETA=NBETA+1
REWIND 8
[END=NBETAC+MK

READ (8) {(Y(IJN),1JN=NBETAC,IEND)

WRITE (65253) INyRSD3,
I[F{IN-NSWPS307,502,502
GOTO{3085309) N

NFUSNFUN, LSTGRE(T) 4 I=14JN)
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Page 128

(oMo NN

0000000000000 OCEO

QO

0




308

309

502

105
61

NSHEP1=NSWEEP

N=2

GOTO0 310

NSKEPI=11

N=1

G070 310

HRITE (6,255} IN,RSD4
60 105 [=NGROXC,NGRDYL
Y(I;*Qn

RETURN

END
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$IBFTC WARELX

FUNCTIGON RELAX{NByNFUNCT)

OIMENSION B(1),Y(18000),SLINES(30)

COMMON ByNXC¢NYRyNKXVC s NKYVC ¢yNDXCoNDYC ¢ NCFCT ¢4 NBETAZ yKJoBITS,IST,
JHONE ; HTHO sONEK ¢ THOK g 1o INgJ s N9 IKJ o KI1J s JIK P UKy ITyNDXyNDY ,NFUNCT, Y
2SLINESyHI H2oTK1sTK2,NB1gNB2,NB3 ,NB44NC1,NC2,NC3,NC&,N1,N2,U0,U1,
3U3,U2,U%, IPRINyNRSDUENSLyNSLNCsNGRDC s NGRDXC ¢ NGROYC s AXYM,NGRAD,
GNGRADX s NGRADY ¢ LNy CSCHING,,EXTRAPySSRCHyNSHPS ,OMEGA,CVGSyCONST,
SSTREAMyKNTRyAyCyDsEyFeGrHKLyHK12 4 HI124HK2,BY BXyMKXV o NKYV,N3,
6Py QeRySyTyVeWyXChYCy IH,NTAPE

N1=NFUNCT +NYR

N3=NFUNCT-NYR

RELAX=Y{NL)*Y(NB)+Y{NFUNCT+1)eY{NB+1}+Y(N3)aY(NB#2)+
1Y{NFUNCT-1)sY(NB+3;¢Y(NB+4) .

RETURN .

END
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650
651

652
686

7

112

200

201

251
250

3U3,U2,U4, IPRIN~NRSDUE s NSL y NSLNC y NGRDC ¢ NGRDXC s NGRDYC ; AXYMy NGRAD»-
4NGRADX yNGRADY s LNnCSCHyNGyNDER IV SSRCHNSHPS, OMEGA ,CVGSsCONST

SSTREAM KNTRsAsC o DaEeFpGrHKI g HK12,H12,HK2,8Y,BXsNKXVsNKYV4N3, 0
6PsQyRySH To Ve, XCyYCy IHyNTAPE 0i

0
0’
2SLINES,)H1,H2eTKL »TK2oNB14NB2,NB3 ,NB4,NC1,NC2,NC3,NC44N14N2,UOsU1, o
0
0

SUBROUTINE VELGC 3
DIMENSION B(1),Y{18000),SLINES(3C0)
COMVON By NXC oNYR & NKXVCaNKYVC s NDXC #NDYE ¢ NCFCT4NBETAC,KJ,81ITS,IST,

THONE s HTWO ; ONEK o THOKy I £ INo Jy JNIKI KT Je JIK, [JK gl nyDXQNDY' NFUNCYQY’-

COMMON /COM2/ XSCL,YSCL,PUNCH, ITLE,YO,Y1,XL1yXL2,YLL,YL2,XSCLA,
1YECLAGXLIA, YLIAsXL2A,YL2A ‘

COMMON /VEL/ NGROVC

DIMENSION ITLE(24)

FORMAT L[ 1H!,3X,2HX3F14.T/7/)

FORMAT (11X 1HY 16X 93HPSI 12X 12HX-DERIVATIVE +6Xs12HY-DERIVATIVE,
19X, 8HVELCCLTY//)

FORMAT (1X,5F18.7)

FORMAT (1X,4110)

ZERQ=0,

vVel, 0t
N2=1 0
DO 1 NN=1,2

NGRACE=NGRDC 0t
CALL {CMPGS 0f
CSCH=CSCH+1., B¢
KENGROYC oﬁﬁt
J=KJ i
NFUNCT=NCFCT

NGRADX=NGRDXC

NGRACY=NGROYC

NGRACY3INGROVC

CO 250 KP=1,NXC

LINE=0

WRITE (64,650) Y(J)

WRITE {6:551)

[=]ST#+1

DO 251 KPX=14NYR

IF (Y{NGRADX).NE.BITS) GO TO 200

WRITE (6,652} Y{1),2ER0,2ZER0,2ZERCHZERD

LINEaLINE#1

1§ (LINE.GT.52) GO TO 101

GO TO 201

WRITE (6,652) YUI)»Y{NFUNCT)»YINGRADX),Y{NGRADY),Y{NGRAOV)
LINE=LINE#1

IF (LINE.GT,.52) GO TO 01

NFUNCT=NFUNCT#1

T=I+INTI{Y(I®1})42

NGRACX=NGRADX#1

NGRACY=NGRADY#1

NGRACV<NGRAUV.#1

JEJHINTIY(J+1) )42

)

D3-6961
Pags 121




331 RETURN
101 LINE=O
HRITE (64650) ¥{J)
HRITE (6,651}
GO TGO 201
ENG

D3-~8961
Page 132

Ot




S$IBFTIC WAICMP

*

SUBROUTINE ICMPGS
THIS ROUTINE 15 CALLED TWiIifS. THE FIRST TIME IT CALLS GRDST! AND
DERIVY FOR INTERIOR POINTS. ©HE SECOND TIME IT CALLS SUBBiL AND
DERIY FOR BOUNDARY RPOINTS. .

DIMENSION 8¢1},Y{10000),SLINES{30}

CCMMON By NXCoNYR)NKXVC o NKYVC o NDXC o NDYC yNCFCT¢NBETAC+KJ,BITS,1STo
IHONEsHTHU’ONEK,TNOKqI,lNthJNyIKJ.KIJ:J}K,IJK:IT.NDX,NDY,NFUNCTth
2SLINESsH1 4H24TK1 o TK2,NB1,NB2yNB3 ,NB&4NC1,NC2,NC3,NC&9yN1,N2,UO,Ul;
3U3,U2,U4 s IPRIN,NRSDUE NSL, NSLNC ; NGRDC ¢ NGRDXC ¢ NGRDYC ; AXYM,NGRAD,
4NGRADX e NGE ANY LNy CSCHy NG EXTRAP ) SSRCH NSWPS s OMESA+CYGS,CONST,
SSTREAM,KNTRyA;Cy Dy EsFsGpHK1 HKI12,HLI2,HK2:BY +BX s NKXVy NKYV N3y
6P2QsRySeT VW XCyYCs IHy JHyKH

COMMON /VEL/ NGRDVC

INITIALIZE ALL SUBSCRIPTS TO PICK UP INFORMATION IN Y ARRAY,

NCl=1
NGRADX=NGRDXL~1
NGRAOY=NGRDYC~1
NGRADV=NGRDVC~1
NKXY=NKXVC~-1
NFUNCT=NCF{T-1
NDX=NDX(C-1

J=KJ

SET L00P YO PROGRESS FROM COLUMN TO COLUMN.

DO 76 NX=14NXC
CHANGE SUBSCRIPTS AFFECTED BY A CHANGE OF COLUMN.

NDY=NDYC~1
NKYV=NKYVC~-1
NDX=NDX+1
I = [ST+1
NKXY=rKXY+1
SET LCOP 70O PROGRESS ALONG A COLUMN,
DO 7% NY=1,NYR
CHANGE SUBSCRIPTS AFFECTED BY A CHANGE ALONG A COLUMN
NGRADX=MNGRADX +1
NGRADY=NGRADY+1
NFUNCT=NFUNCY+1
NGRADV=NGRADV+1
NKYV=NKYV+1
NOY=NDY+1

SET SUBSCRIPTS TO FIND BOUNDARY INFORMATION FROM THE [NPUT ARRAY.

JN3J42

INz[+2
KYVA=Y{NKYV) /4,
KYVE = KYVA
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*

*

*DcRIVATIVES ARE COMPUTED USING CENTRAL,FORHARD OR BACKWARD DIFFERENCING

4

LOOP 10 AND 112 ARE NECESSARY FUGX COMPLEX BOUKDARIES.

00 10 IS=1,KYVA

LOCATE POSITION OF POINT IN THE ENVIRE SYSTEM,

THE

11

THE
13
113
12

112
110

10

THE
2

22
222

2222

202

POINT WILL EITHER BE INTERIOR,EXTERIGR ORBOUNDARY.

IFIY({IN)=Y{J})1,2,3
IFIYUIN#2)=Y{J)}110:422,7
KXVA=Y{NKXV)/4&,

KXVB=KXVA

DO 112 JS=1,KXVA
IF(Y(IUN)}-Y{1))11,222,3
IF(Y{IN#2}-Y(]))12,2222:13

DERIVATIYES FOR INTERIOR POINTS ARE COMPUTED ON THE FIRST SWEEP.
IF (CSCH-1.) 113,75,75
CALL GRDSTI(NXA:NY&)
GO TO 90

KXYB=KXVB~1

[F (KXVB) 3,3,112
JN=JN+4

KYVE = KYVB~1

IF (KYVB) 3,3,10
IN=[N+4

GO TO 7%

DERIVATIVES ON BOUNDARIES ARe COMPUTED ON THE SECOND SWEEP,.

N3l=1

GO'TO 202

NB1=2 )

GO TO 202

NB1=3

G0 TO 202

NB1=4

[F (CSCH=14) 75,31,75 -

SUBROUTINE SUBB1 SUPPLIES THE INFORMATION FROM

WHICH THE BOUNDARY DERIVATIVES ARE COMPUTED.

31

90

CALL SUBBI(NXA,NYA)

CALL DERIV (NXA,NYA4NXYAA, BX,BY,GB’

# ON RETURN FROM DERIV,yBX AND BY ARE THE X AND Y DERIVATIVES .

Y{NGRAOX ) =8X
Y{NGRADY)=BY
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Y{kGRADY ) =03
GG Tu 73
3 Y{NGRADX}=BITS

Y (NGRADY)=BITS
# BITS ARE STORED IN THE X AND Y DERIVATIVE ARRAY FOR EXTRAPOLATION USES
1073

75 I=T+INT(Y{NKYV]})+2
76 S=J+INTIY(NKXV))+2
26 RETURN

END

D3-6961
Page 135




$IBFTC WAGROL
SUBROUTINE GRDST1INXA,NYA}
DIMENSION B{1);Y{18000),SLINES(30) .
COMMON By NXCyNYR y NKXVC s NKYVC yNDXC s NDYC ,NCFCT yNBETAC ,KJ,BITS, IST,
LHONE y HTHO» ONEK s THOK s T+ INsJ s JNy IKJoKTJ 3 JIKs 13K, IToNDXyNOY, NFUNCT, Y,
273 2SLINES H1oH2yTKY, TK2,NB1,NB2,NB3,NB4,NC1;NC2,NC3,NC4sN1sN2,U0,UL,
3U3,U2,U4» IPRINyNRSDUE ;NSL+ NSLNC s NGRDC s NGRDXC s NGRDYC s AXYH ¢ NGRADS
1 4NGRADX , NGRADY s LN CSCHy NG EXTRAP o SSRCH,NSHPS , GHEGA, CVGS o CONST
5STREAH, KNTRs A, Cy Dy €4 F1G:HKLyHK12,HL2,HKZBYBX JNKXV, NKYV N3,
6P40+RySsT oYy W XCyYCy IH
| NXA=1
NYA=1
N1 = NFUNCT+NYR .
N3=NFUNCT-NYR
H1=Y (NDX) _
H2=Y (NDX~1}
TK1=Y (NDY)
TK2=Y (NDY~1)
UO=Y {NFUNCT)
UL=Y (N1}
U2=Y (NFUNCT+11
U3=Y{N3)
Us=Y {NFUNCT~1)
14K=0
1KJ=0
K1J=0
JIK=0
TF (YEIN)=Y(3)+YINDX=17551,545150
150 H2 = Y{J)=Y(IN)
U3=Y{IN+1)
1JK=1
51 TFIY(IN+2)=Y{J)=YINOX)1151,52,52
151 HI = YUIN#2)=Y(J)
UL=Y [ IN+3)
IKJ=1
| 52 TF(Y(JIN)=Y{1)+Y{NDY~1)153,53,152
‘ 152 TK2 =3 Y(I)=Y(JN)
| Us=Y (JN+1)
| K1J=1
53 TF(Y(JIN+2)=Y{1)=Y(NDY)) 153,540,540
153 TKL = Y(IN+2)=Y(I)
. U23Y (IN+3)
JIK=1
569 RETURN
END
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S$IBFTC WASUBL

*5U88

301

i 00
SUBROUTINE SUBBL{NXA,NYA)
DIMENSION B8{1}),Y(18000),SLINES(30)

COMMON ByNXCyNYRyNKXVCyNKYVC o NDXCoNDYC NCFCT,NBETAC,KJ BITS,18T,
LHONE ¢ HTWO: ONEKy THOK s [ s IN9J 9 N2 IS s KIJ 9 JIK o IJKy ITeNDXNOY,, NFUNCT 3 Y,
2SLINES H1 H2, TK1,TK2,NB1,NB2, N33 4NB4yNC1oNC24NCIsNCGe ML, N22LiSsUL,

JU3,U2,U4s IPRINSNRSDUE ¢NSL ¢ NSLNC,NGRDCy NGRDXC ¢ NGRDYC 9 XYMy NGRAD,

4NGRADX ¢ NGRADY yLNsCSCH¢NGyEXTRAPy SSRCH,NSWPS,GREGACYGS9CONST,

S5STREAMgKNTR; ApCoDeE9FeGyHK1 g HK12yH129HK2,BY yBLoNKXVoNKYV N3y

6Py QR ySyTyVeWaXCoYCyIH
FORMAT (28H THERE IS GARBAGE IN MEMORY//)

#+ THIS SUBROUTINE FIND5S DATA TO COMPUTE DERIVATIVES FOR BOUNDARIES.

+ CHO

* LEF
*

12

»

¢« RIG

13

31

20

e SET
100

OSE WHICH BOUNDARY IS BEING WORKED ONe.
MMM=3

N1=NFUNCT+NYR

GO 7O t12,13,14,15),N81

T BOUNDARIES ARE IN QUESTION.

NP=NGRADY+NYR
N3=N1+NYR

UOaY {IN#1}

Ul=Y(N1)

H1=Y{NDX)

NXAk=22

[F (YI{N3)=-B17S)30,2,1
U3=Y{N3}

H2zY{NDX+1)

GO 10 100

U3=Y(IN¢+3)

H2=ABS {(Y{J)~Y{IN¢2)]i-H]
GO TO 100

HT BOUNDARIES ARE IN QUESTION.

NP=NGRADY-NYR

NXA=3

N1=NFUNCT-NYR
N3=N1-NYR

Uo=Y(IN+3)

Ul=Y{NL)

H1=Y{NDX~1)

[F {Y{N3)-BITS)}30,20,31
U3=Y(N3)

H2=Y(NDX=~2)

GO 10 100

U3=Y({IN+l}

H2=ABS (Y{J)=Y(IN))=-H1

UP DATA TO FACILITATE FINDING Y'DERIVATIVES
TS=Y(NOY-~2}
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4

1

»

»

]

»

IS THE BOUNDARY POINT A CORNER OF THE CIRCUMSCRIBED RECTANGULAR REGION

22
23
6

THE
7

11
21

THE

10
18
120

T6=Y{NDY+1}

U2=Y{NFUNCT+1}

Us=Y{NFUNCT+2}

U4=Y{NFUNCT~1.

US=Y{NFUNCT-2}

TK1=Y{NDY) ' -
TK2=Y{NDY-1)

IF(NDYC~-NDY) 22,10,22
IF(NDYC~-NDY+NYR~1)23,7,213
[F(U2-8BITS)30¢7,6
IF(U4-B1T7S)30,10,90

BOUNDARY POINT IS A TOP CORNER.

IF(U4-BITS)30,8,11
[F{US-BITS)30,8,21
u2=uUsé

U4=U5

TK1=TK2

TK2=2T5

NYA=3

GO 70 9

POINT I SA BOTTOM CORNER OF THE RECTANGLE

IF {U2-B1T7TS)30,8,18
IF (U6-B1T7S)30,8,120
U4=Ub

TK2=T§

NYA=2

GO 70 9

A LINEAR EXTRAPOLATION IS MADE WHEN DATA IS INSUFFICIENT.

8
112

113

116

114

GO TO (112,113,114,115)4N81
NP1=NP+NYR

D1l=H1

D2=H] +H2

GO YO 116

NP1=NP-NYR

Di=H2

D2=H1+H2

NYA=4
BY=YINP1)=(D2/D1)#(Y(NPL)~Y(NP))
GO T0 9

NPL1=NP+1

D1l=TKl1

D2=TK1+TK2

GO TOQ 117
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115
T 7

14

81
82
1000
300

70

15

ol
A

41

42
110
43
47
91

90

NP1=NP-1
D1=TK1
D2=TK1+4TK2
NXA=4

BX=Y{NP1)~(D2/D1l)#:Y{NPL)-Y(NP))

GO TC 9
N3=NFUNCT-NYR
NYA=2
UO=Y(JN+1)
U2=Y(NFUNCT+1)
TK1=¥Y{NDY)

IF {Y{NFUNCT+2)-BITS)30,82,81

Us = Y{NFUNCT+2)
TK2=2¥{NDY+1)}

GO 70 1000

Ub=Y{JIN+3}

TK2=ABS (Y(I)-Y(JN+2))-TK1
IF{YIN3)-BITS)30,8,300
U3=Y(N3)

H2=Y{NDX-1)

IF (YINL)-BITS)30,8:70
Ul=Y{N1)

Hi=Y (NDX)

GQ 70 91

N3=NFUNCT-NYR

NYAs3

UO=Y(JN+3)
U2=Y(NFUNCT-1)
TK1=Y{NDY-1)
IF{Y{NFUNCT-2)-81ITS) 30,42, 41
U4 = Y(NFUNCT-2)
TK2=Y{NDY~2}

GO TO 110

Ué=Y{JIN+1)

TK2=ABS (Y{I})=-Y{JN})-~TK1
IF (Y{N3)-8ITS5)30,8443
U3sY{N3)

H2=Y(NDX~1}

[F (Y(NL)-BITS}30+8,47
Ul=Y{NL} '
Hl=Y{NDX)

NXA=1l

GO T0 9

NYA=]}

GO T0 9

ARITE (6,301)

GO TO (8L,82) MMM
RETURN

END
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$IBFTC WADERY

& » % » B

600

100

o SR SV

10
15

13

SUBROUTINE DERIV (NXAsNYA,NXYAA,XDERIV,YDERIV,G3)

SUBROUTINE DERIV CALCULATES DERIVATIVES NF PSI WITH RESPECT TC X
AND Y, AND VELOC:ITIES.

COMMON BoNXC oNYRINKXVCoNKYVCyNDXCoNDYC ¢ NCFCTsNBETAC ) KJoBITS,IST,
1HONE yHTWO s ONEK s TWOK 9 I 9 INpJ s IN9IKJ9oKIJ e JIKeIJK) I ToNDXo NOY o NFUNCT, Yy
2SLINES HL)H2 ) TK1 s TK2,NB1yNB24NB3yNBSyNCLyNC2yNC3,NCeyNLoN2,UC,Ul,
3U3,U24U4, IPRINyNRSDUE s NSLyNSLNC ¢ NGRDL ¢ NGRDXL s NGRDYC s AXYMyNGRAD S
4NGRADX yNGRADYyLNoCSCHyNGyNDERIVy SSRCH NSHPS,0OMEGA,CVGS,CONST,
SSTREAM KMNTRyAyCyDyEyFyG s HK1 g HK12 H1 2 yHK2,,BY yBX s NKXVyNKYV4N3,
SNLRCAL)QsR)SyTyVeWeXCYCyIH,NTAPE

DIMENSION Bl1),Y(18000),SLINES{30}

FORMAT (1X,6F14.6)

IF NXA=1 THE X~-DERIVATIVE IS FOUND BY CENTRAL DIFFERENCING

IF NXA=2 THE X-DERIVATIVE IS FOUND BY FORWARD OIFFERENCING

IF NXA=23 THE X-DERIVATIVE IS FOUND BY BACKWARD DIFFERENCING

THE ABOVE CONVENTION HOLDS FOR NYA AND Y-DERIVATIVES

IF NXA=4 NO X-DERIVATIVE IS FOUND.

FCT=1.

IF (AXYM.EQ.le) FCT=Y(I)

NO=1}

DELTA=].

FG=1.

GO TO (3,2¢1,7)oNXA

DELTA=-1.

H2=Hl+#H2

FG=-1,

GX=DELTA#(H2##22{U1-UO0}+ Hlee28(UO-U3})/{Hl#HZe(H2+FGaH1})

GO TO (6,10)4ND

XDERIV=GX

IFf (NYA-4) T7,15,7

ND=2

NXA=NYA |

Ul=u2

U3=U4

Hl=TK1

H2=2TK2

GO 10 100

G3=GRADIENT,YDERIV=Y ER CR(OSS DERIVAT]IVE XDERIV=X-DERIVATIVE

YDERIV=GX

CONTINUE

G3=SQRT{(XDERIV/FCT)®##2+(YDERIV/FCT)we2}

RETURN _

END i
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$IBFT

501
686

34
36

12

114

1111
6GC
61
27

C WALNK3
SUBROUTINE LINES
COMMON By NXC nNYR <NKXVC aNKYVC oNDXC 4NDYC4NCFCT,NBETAC,KJyBITSyIST,

IHONEpHTH0,0NEK.THOK,L,IN,J,JN,IKJ;KIJ.JleIJK,IT.NDX;NDY,NFUNCT.Y,.

2SLINESyH1 yH2+TKL1,TK2oN31yNB2yNB3,NB&,NCLsNC2,NC34NC4,N1,N2,U0,U1,
3U3,U2,U4, IPRIN+NRSDUE o4NSLyNSLNC,NGRDC » NGRDXC yNGRDYC y AXYM y NGRAD,.
4NGRADX s NGRADY s LN4sCSCH,NGsNBERIV, SSRCH,NSWPS ,OMEGA,CYGSsCONST,
SSTREAM,KNTRyAyCy D EpFeaGyHK1 HKL12,H12,HK24BY 21 BX s NKXV,NKYV4 N3,y
EPRQ RS T VaWaXCpYCy IHyNTAPE,TITLEL «NCHAINMONTH

COMMON /COM2/ XSCLYSCLPUNCHs ITLE+YO,YlsXL1rXL2,YL1,YL24+XSCLA,
1YSCTLAXL1A,YL1AXL2A,YL2A

COMMON /CCN3/ YMAX

COMFON/*RSCOF/ FIRS5T,V0,CO

COMMGN /VEL/ AGRDVE,A{R

DIMENSION Y{18000},SLINES(30), ITLE(24)
DIMENSION B(1)

FORMAT (6E12481

FORMAT (1X,4140)

TLN=0 '

NNLNS=1

IF (ILN.EQ.NNLNS) RETURN

READ {54501) ANSL,CSCH,NNLNS,CO +VO0,AIR
IF {CSCH.EQs2. )k NGRDC=NGRDXC

If (NNLNS»LTJ1) NNLNS=1

NSL=ANSL

READ (5,501) (SLINES(INK]),INK=1,NSL)
NSLNC*NGRDC

00 61 NG=LyNSL

LN=NSLNC

N2=1

CALL MARC

NGRADENGROC

CALL SORT (INT(CSCH)=-1X

CONTINUE

[LN=TLN+1

GO TG 34

END
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$IBFT

#SGSRCH

600
601
602

81

82

57

84
85

C WASGSC

SUBROUTINE SGSRCH
DIMENSION Y{18000),5LINES{30)

COMMON B'NXC.NYR.NKXVC.NKYVC:NDXC,NDYC,NCFCT,NBETAC.KJ,SITSpISF,
1H0NE;HTHO.0NEK:TW0K,loIN,J,JN,IKJ’KIJaJlKQIJKQfTaNDX,NDV;NFUNCT,YQ
25LINES)HIpHZgTKlgTKZ,NBI9“82.”83,“84;NC11NC29NC31NC49N1gNZ:UQ.Uit
3U3oU2,U4,IPRIN;NRSDUE1NSL'NSLNC1NGRD59NGRDXC'NGRDYCQAXYM'NGﬁﬁﬂg
4NGRAUX.NGRADY,LN:CSCH.VG.EXTRAP,SSRCHoNSHPS.OMESAeCVGS,CGNST,
5STREAH.KNT&,A,CoD'E:F;GqHKIrHKiZ:HIZ,HKZ18793X1NKXV;NKYV1333
6P, QsRySs TV WeXCoYCs [Hy NTAPE

COXMON 72C0OM/7 Z

COMMON /LNKS/ NV

COMMON /COM/ UT,NW1

COMMON/BDRY/ JB

COMMON/PRSCOF/ FIRST,VYO

FORMAT (1X,F14,.7)

FORMAT {48H STORAGE OVERRUN WHILE CALCULATING STREAM LIMES )

FORMAT. (1X,5F14.5])

N=NG

IF (CSCH~3,) 57,81,82

N1=NGRADX+NYR

N3=NGRADX-NYR

U0=Y (NGRADX)

Ul=Y(NL)

U2=Y{NGRADX+1)

U3=Y (N3}

U4=Y{NGRADX-1)

GO TO 57

N1=NGRADY +NYR

N3=NGRADY-NYR

U0=Y{NGRADY)

Ul=Y(N1)

U2=Y{NGRADY+1)

U3=Y (N3}

U4=Y (NGRADY~-1)

N2=UN

V=00

1F {KIJ} 84.,85,84

IF (CSCH=3.) 85,22

U6=U4

U7T=u2

W1s0ONEK

W=-TWOK

CALL SUBS58 (U6yN)

IF (V) 3,2,3

Y{LN+1)=Y{J)

YILN#2)=Y(])+XC

IF (KIJ.EQsel+.AND.JB.EQal) GO VO 31

NV1=NV+l

Y{LN+3)z2Y{NV)+(Y{NV]1)=Y(NV))aXC/HW

GO 7O 32
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31

32

12

89
22

2t

40
41
30
73
58

100

H=TWOK
YILN+#3)={W+W1)2{Y[NV)~- Y(NV+1))/H1*Y(VV*1)
YILN+4)=1,=-(Y{LN+3)/V0)#e2

LN=LN+¢S

V=0,

v=0,

IF {CSCH=-3.} 89,904,920

IF (JIK) 22:%3;22

H=0ONEX

Wi=-TWOK

Ue=u2

U7=zU%

CALL 3SUB58 {(Ub6sN)

1IF V) 21.73,21-

Y{LN+1)=Y(J)

YILN#2)=Y{1)+XC

ZF {JIK.EQ€loANDoJBoEQol) GO TD 40
NV1=NV-i
Y{LN*3}=Y{HV)+{YINVL)=YINV})aXC/¥HW
GO 70 4%

H12THOK .
YEUN+3)={W+HL) s (YINV)-Y(NV=-1))}/W1+Y(NV~])
YiILN#4=1,-{Y{LN+3)/VD)ne2

LH=LN+5

V=0,

CONTINUE

IF (LN.GY.17983) GO 70 100

RETURN .
WRITE (6,601}

STOP

END
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SIBFTC WASASH

A3

SUBROUTINE SUBS8 (UbH+ N}

DIMENSION Ril),Y118000},SLINES{3Q}

CONMRON /COH/ UT,¥1

COMMON /PLOTZ RANK

¢ ShMON ByNXC e NYRANKXVC ¢ NKYVE s NDXC s NDYL s NCFCToNBETAC KJ»BETS ST,
IRONE  HTHD . ONEK s TWOK ¢ e INsJo ¥ IKS oK IJs 2iKe T UKy IToNDXyNDY sNFUNCT, ¥y
291 INES el s N2 TKL, TE2,NBL1 s NB2 NB3,NB4;NC1yNC2yNC3yHC &, 111 N2 U0, U1,
3U3,U2:Ub, IPRIN;NRSDUE NS, NSLNC ,NGREC s NGRDXC o NGRDYL 2 A~ YM NGRAD
LHNGRADY ¢ NGRADY LN, LSCHy NG EXTRAP:S3RLH  NSWPS,OMEGA,CVGSCONST
SSTREAH XNTRyAsCoDsEyFpGyHKL HKI2:HI2,HK2¢BY sBXoNKXV s NKTV N3
6P GRS TaVyaHyXCy YL IR

YILNI=GLIRESING

YiIiNiI=RANK

P=SLINES{NI-US

0=0-3L INES{N]

i {ABSIP+Q: LY ABS{G-P}) GO TO 2

P=SLINESIN}

IF LAAYH.EG.0.0-0R.8.EC. 8} 60 TG 20
XC={P-U0ia{P-Ut/{{UT-UT)3LUT-US))aN1+{P~-UT)&{P-UO0)/((U6-UT)2{UL~
1Y) e

fF (ABS{ACI . LY A88IWT) GG YO 2}

XC={P-~YQ} F{LG-UD] oK -
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$IBFTC WAREGN

SUBROUTINE REGIGN

DIMENSION B{1l),Y!18000C),SLINES{30)

COMMON ByNXCsNYRsNKXVC s NKYVC,NDXCyNOYCyNCFCT NBETAC,KJIBITS,[ST,
LHONE s HTHO , ONEK ¢ THOK 3 19 INcJ 9 IN» IKJ KIS JIKs TIKy ITyNDXsNDY o NFUNCT, Y,

" Z2SLINES)H1,H2 ) TKE 4 TK2yNB1.NB2,NB3,NB4,NC1sNC2yNC3,NC4G,N1,NzU0,Uly

226

112

3U3,U24U%, IPRIN,NRSDUE s NSLyNSLNC NGRDF s NGRDXC yNGRDYC » AXYMy NGRAD,
4NGRADX ; NGRADY yLNyCSCHyNGy IXTRAP» SSRCHyNSWPS OMEGA,CVGS,CONST
SSTREAM,KNTR;A3C 9Dy EyFyGsHK1  HK12,HL12,HK24BY BX,NKXV o NKYVYoN3,
6P7;Q9Re ST,V WeXCsYC o IHsNTAPE

COMMON UBDY,LBDY
FORMAT (3H A=Fi2.6/3H CaF12.6/3H E=F12.6/4H Y1=F11.6/4H Y2=F11.6/5

X3H THE DIFFERENTIAL EQUAT{ON IS NOT ELLIPTIC AT (Y1,Y2)/57TH IF SUB
ARQUTINE ACDEFG IS USED. OTHERWISE CHECK A,C,AND F.//)

STATEMENT 112 TO 4 SET MESH VALUES FOR DERIBATIVE ENFORCEMENT
IF (IXTRAP)} 112411311

IKJ=0 .

KIJ=0

JIK=0"

[JK=0

HONE=Y (NDX)

HTWO=Y{NDX~1)

ONEK=Y(NDY)

TWOK=Y(NDY-1)

[F (UBDY: 14241

ONEK=TWOK

GO 7O 3

IF (LBDY) 4,113,4

TWOK=0ONEK

GO 7O 3

CALL GRDSTL

IF {(CONST) 141,149,141

CONST, AN INPUT VALUE, CONTROLS USAGE OF ACDEFG.
XCsYC ARE X AND Y COORDINATE VALUES.

CALL ACDEFG

IF (AxC) 1479147443

STATEMENT 141 CHECKS ELLIPTICITY

WRITE (3,226) AyCyrEsYlI)yYLJ)

KNTR = 1

CALL CNSTNT

SUBROUTINE CNSTNT CALCULATES COEFFICIENTS OF DIFFERENCE ANALOGUE
RETURN

END
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$1LBFTC NASORT

600

620
630
64C
700
1001

10

SUBROUTINE SORT(KASK)

DIMENSIGN XT{250),YT{250)

DIMENSIGON XP1250),YP12501

DIMENSLION TA(4000)

DIVENSION TP(9L

O{MENSION B{1l),Y{18000),SLINES{30)

DIMENSION {TLE(Z4),HEAD(2,43)

COMMON By NXC hNYR SNKLVC o NKYVC oNDXC ¢NDYC o NMCFCTyNBETAC,KJ, BITS,IST,
1HONE yHTWO, ONEK » TWOK y L5383 s Ny IKIpKIJy JIKpIJKSIToNDX,NDYoNFUNCT Y,
2SLINES HIsH2,TK1 ,TK2,NBLy22,NB3 NB4yNC14NC2,NC3,NC4sNL,N2,U0,Ul,
3U4,U2,U%, IPRIN,NRSODUE<NSL ;. NSLNC yNGRDC ¢y NGROXC »NGRDYC y AXYM, NGRAD,
4NGRACX »NGRADY yLN#CSCH 0y NDERIV o SSRCHyNSWPS OMEGACVGSCONST o
SSTREAMGKNTR A CyGprE o FaGoHKIL g HK12,H12,HK2,8Y »BXsNKXV,NKYV,yN3,
6PeQoRISITsVIWIXCsYC,y IH . NTAPE

CGOMMON/PRSCOFL FIRST,VO

COMMON /COM2/ XSCLoYSCLsPUNCHy ITLE, YO, Y1 XL1oXL2sYLL,YL2,XSCLA,
1YSCLA,XLIA,YLIA,XL2AsYL2A

COMNMON /COM3/ YMAX

EQUIVALENCE (TA(1),Y{11000))

EQUIVALENCE {(XT{1)oXP{1))e(YTLL)y¥YP(1))

FORMAT  (1HLp2A641H=F14,7//8Xy LHXp13X, 1HY +10X,»BHVELOCITY 16X,
18HVELOCITY 6Xe SHPRESSURE/G4TXsSHRATIO,9X, L1HCOEFFICIENT/)

FORMAT (1X,5F14,.2)

FORMAT (1X413)

FORMAT (1X/7)

FORMAT (5El4.8)

FORMAT (5F14.7X

DATA (HEAD(I,1),1=1,2)/6H PSI,6RH /+«(HEAD(142),1=1,2)/6HX-0E
XR{,6HVATIVE/ s {HEAD{143),1=1,2)/6HY-DER],6HVATIVE/

RANK=1.

LN=LN-S

AL1P=XL1

XLzP=XL2

Lip=yYL1l

YL2P=YL2

IF {XSCLALEQ.O.) 1STOP=1

LINE=0

TP{1)x23,

TP(2)k4,

TP(3)=XSCL

TP{4)=YSCE

TP(5)%0.

TP(6)50.

TP{8)t4,

TP{9)=sC,

NSTOR =LN#5

[STOPEO

00 20 I=NGRDCaLNsS

IF (Y{]).NE,RANK])L GO TO 20

Y{NSTOR)=Y(I)

Y(NSTOR+1)sY(l+¢1)

D3-6961
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22

46

971

175
72

100

62

65

66

67

68

Y{NSTOR+2)xY{{+2)

Y(NSTOR+3)=Y({£3}

Y{NSTOR+4)zY{{+4)

NSTOR=NSTOR+S

CONT.INUE

GO T4 23

RANK=RANK=~1,0

NSTORENSTOR-S

NSTORI=LN#S

JF (NSTOR-NSTOR1.,LE.6) GO TG 102

L{NE=0O,

XL1P=XL1

RL2P=XL2

YLIP=YL]

YLZ2P=YL2

WRITE (6,600) (HEAD{I,KASE)yI=152),SLLNESI(NG)
DO 775 1IsNSTORL,NSTOR,S

IF (YUL41).EQ.Y({I+6)cAND.Y{I1£2).EQ, YII+7)) GO TO 775
YR=Y{{£3)/V0

WRITE {(6,1001) Y{I+1),Y{[+2),Y(I¥3),VR,7(1%4)
LINE=LINE#]

IF (LINE.LT.S50) GO TO 775

LINE=Q

WRITE (6,600) (HEART{JsKASE}¢J=192),SLINES{NG)
CONTINUE

Jx0

D0 100 IsNSTOR1,NSTOR:S

JeJ+l

XPlJleY(]+1)

¥P{J)=Y(1+2)

KNTR=0Q

00 65 JK=l,J

[F (XP{JIK)eLTeXL1IP2ORX?P{IK)oGToXL2PeORJYP(IK)alLToYLLIPL,ORLYP{JK)

XGT.YLZ2P) GQ TO 62

GO TO 55

XP{JK)=BITS

KNTR=KNTR+1

CONT NUE

KT=0

CO0 68 JK=zl,J

[F (XP{JKIWLNELBITS) GO 7O 68
KT=KT#]

JKT=JK#KT

IF (XP(JKT).EQ.BLTS) GO TO 66
DO 67 LJ=JK,J

JKT=LJ+KT

XPiLJ)=XPLJKT)
YPILJ)=YP(JKT)

KT=0

CONTINUE

JEJ~-KNTR

AJz
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TP(T)=AJ
IF {ISTOP.NEL.O) GO TQ 80
HWRITE (8) 4
HRLITE (8) (XPII)al=led)olYP{I),Ixl,Jd)
KLiP=XL1lA
XL2P=XL2A
YL1P=YL1A
YL2P=YL2A
[STOF=2
GO 10 72
8GC IF {ISTOP.EQJLlY GO TO 8%
TP (3§=XSCLA
TP {(4)=YSCLA
TP(2) %54,
81 CALL GPLOTS(TPXP,YP)

RANZ=RANK#1.
GO {0 2

102 {F (NG.LT.NSL} RETURN
TP(T)=0
YP(S)=-1.
TP(2) =4,
CALL GPLOTS (TP,XP,YP}
1F (ISTOP.NE.2) GO TQ 120
REWIND 8
TP {3}=XSCL
TP (4)=YSCL
TP(9) =0,
D0 101 I=1,NSt
READ (8) J
READ (8) (XP{MLyM=1,J),(YP(M)M=1pJ)
TP(7)=4
TP(2)=4,

101 CALL GPLOTS (TPs+XP,YP} -
[pL7)=0,.
TP{G)==1,
TP(2) =4,
CALL GPLOTS (TP,XP,YP)

120 CALL REMOVE(23,3)
[F (PUNCH.EQ.,0.) 60 TO 99
YT(l)=Y(IST+1)
CO 123 [=2,NYR
[D=NKYV+]-~]

123 YT(DI)=Y(ID)+YTY(I=1)
XT{1)=Y(KJ)
DO 124 1=2,NXC
JO=NKXV+I~1

124 XT(Li=Y(ID)+XT{I~-11)
TA(li*]1,
TA{2)&NYR#]
TA{3)eNXC+]
TA({4)®&0,
D0 125 I=1,NYR

D3-6961
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HL

_‘*_
~

255
256

99

TA{I+4)=YT(]}
NFUNCT=NCFCT~1
JK=NYR+S

CO 256 [al,NXC
TALJIK)I=XTtL)

JK=JK+1

DO 255 NQ=1,NYR
NFUNCT=NFUNCT+1
TA{JK}=Y({NFUNCT)
JK=JK+1

CONTINUE

CONTINUE

JK=JK=-1 .
WRITE {(7,700)(TA(I),
WRITE (7.,700) (TA(])
RETURN

END

I151,3)
o 1=

49 JK)
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$IBFTC WAMARK

+MARC

SUBROUTINE MARC

& THIS SUBROUTINE PERFORMS THE FUNCTION OF SEARCH IN LINK 3.

s = &

-

»

.

600
620

SET

DIMENSION B8(1),Y{18000),SLINES(30)

COMMON ByNXCyNYRyNKXVCyNKYVC sNDXC,NDYC NCFCT,NBETAC,KJ,BITS,IST,
JHONE yHTWO  ONEK gy ThOKy [ 3 IN9J 9 IN IKIyKTJ g JIKyIJKy IT,NDXoNDY NFUNCT,Y,
2SLINESyH1  H2,TK1,TK2,NB1yNB2,NB3,NB4yNC1,NC2,NC3,NCS,N1yN2,UJ0,Ul,
3U3,U2)U4,, IPRINSNRSDUEyNSLyNSLNC ¢y NGRDC y NGRDXC 4 NGROYC , AXYM,NGRAD,
4NGRADXyNGRADY LNyCSCHyNG,EXTRAP y SSRCIHH,NSWPS,OMEGA,CVGS,CONST,
SSTREAN KNTRyAyCy Dy EyFyGyHK1 ,HK12,H12 ,HK29BY ¢ BX o NKXVyNKYV,N3,
EPsQyRSeTaVeH s XCsYC s IH; JHyKH

COMMON /VEL/ NGRDVC,AIR

COMMON/BDRY/ 4B

COMMUN /2C0OM/ 2

COMMON /LNKS/ NV

COMFON /PLOT/ RANK

FORMAT {112}

FORMAT (1X,6F14,2)

INITIALIZE ALL SUBSCRIPTS 7O PICK UP INFORMATION IN Y ARRAY,

HL=0,0
SRANK=1,0
FLAG=0.0

1=0.

LN=NGRDC
NGRACX=NGRDXC-1
NGRACY=NGRDYC-1
NV=NGROVC-1
NKXV=NKXVC-1
NFUNCT=NCFCT~1
NDX=NDXxC-1

J=KJ

LOOP TO PROGRESS FROM COLUMN TO COLUMN,.

FST=0a
DO 76 NX=1,NXC

CHANGE SUBSCRIPTS AFFECTED BY A CHANGE OF COLUMN,

SET

RANK=SRANK

NDY=NDYC~1
NKYV=NKYVC=1
NDX=NDX+1

[ = ISTel
NKXV=NKXV+1

LOOP TO PROGRESS ALONG A COLUMN.
DO 75 NY=1,NYR

CHANGE SUBSCRIPTS AFFECTED BY A CHANGE ALONG A COLUMN

TLN=LN
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SET

NGRACX=NGRADX+1
NGRACY=NGRADY+1
NFUNCT=NFUNCT+1
NV=NV+1
NKYV=NKYV+1
NDY=NDY+1

SUBSCRIPTS TO FIND BOUNDARY INFORMATION FROM THE INPUT ARRAY,

JN=j+2

IN=1+2
KYVA=Y{NKYV) /4,
KYVB = KYVA

LCCP 10 AND 112 ARE NECESSARY FOR COMPLEX BOUNDARIES.

00 10 IS=1,KYVA

LOCATE POSITION OF POINT IN THE ENTIRE SYSTEM.

THE

l
7

11
12

112
110

10
13
L4

75

52

57

55

POINT WILL EITHER BE INTERIOR,EXTERIOR ORBOUNDARY.
IF(Y(IN}-Y(J))L,80,75
IF(Y(IN#2)~-Y({J4))110,80,7
KXVA=Y{NKXV} /4,

KXV8=KXVA

DO 112 JS=1,KXVA
TFIY(IN)I=-Y(I))11,75,75
TF{Y(IN$2)-Y(1))12,75,13
KXVB8zKXvVB~1

[F IKXVB) 75,75,112

JN=JN+4

KYVB = KYVB-1

[F (KYVB) 75,75,10

IN=IN+4

CALL GRDSTZ2

CALL SGSRCH

IF (LN.GT.ILN) RANK=RANK+1,
1=0.

[=1+INT(Y(NKYV))+2

I[F {RANK.LEAZ2.0.0R.FST¢NELO,) GO TO S50
IF (FLAG.EQ.1.0) GO TQ 60
[F (AIR.NE.1l«Q}) GO TO 55
FST=1,0

HL=1,0

[KK=5,0%(2,0+FLAG)
[OX=FLOAT{LN}-({10.0+FLAG»10,0}
DO ST IK=1,IKK

KONT=LN+6-[K
Y{KONT)Y=Y{KONT-5)
Y{IDX}=2,0

GO TQ 50

FLAG=1,0

Page 151

Rt b e

P Pt gt Pt et e b Pt st Pt pod ot b Pat pud pus s

Pt GO peb pml Pl Pt S ok puab Jeu) poed




6C

65

74

745

50

24

25
76
26
80

GG TO 25
CONYINUE

IF {RANK«EQ.3,) GO TG 52

SRANK=2,0
RANK=SRANK
FST=1.0

L {AIR.LT.1,0) GO TG 74

DO 65 [K=1,20
KONT=LN+&~-IK
Y{KONT)=Y(KONY-5}
Y{LN-30}=2,0
Y{LN=-25)=3.0
Y{LN-20)=1.0
Y(LN-15)=4.0
Y{LN-10}=2.0
Y{LN-5})=3,0
Y{LN)=4.0
LN=LN+5

GO 10 25

DO 745 [K=1,25
KONT=LN+6-1K
Y{KONT)=Y(KUNT-5)
Y{LN-25)=2,0
Y{LN-20)=3,0
Y{LN=-15)=4,0
Y{LN-10)=2,0
Y(LN"S):3'0
Y{LN)=4,0
LN=LN+5

GO T0 25
CONTINUE

[# {RANK,NE.4.0) GO TO 25
I+ (HL.EQ.1.0}) GO TO 25

SRANK=5,0
RANK=SRANK

00 24 1K=1,10
KONT=LN+11-IK
Y(KONT)=Y(KONT-10)
LN=LN+10
Y(LN=-10}=RiNK
Y{LN=5})=RANK+1,0
CONT TMYE
J=J+INT(Y{NKXV))+2
RETURN

l=1.,

GO T0 7
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10.3 Appendix 3 - Water Droplet Trajectory Computer Progrem Flow Chart
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71.Uxx8 (TAB7 XN NI, 0, <n uxx3 (TAB8 XN, 9,
0,Y83) 0,v81)

e v83 @

Y83 @

REVLTR:

E-3033 R

1577

/ uxx8 (TAB,XN1, 6, >

\¢,Y8/)

[ YBini=Y8] |

TLYxx8 (TAB8 XNN 0,
0, YBI).

[vaiN=y81 | -

@
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s

£
[

<XHLI 53 S KAL)

= \YMNI=Y, Mz
AMDT = S —fan

- =

>0

£0

¥ 1 472
vz 1=fm (Ew-xm Ig Amp = JGHL=YBIT
+ YmKI(§HLI - XNA)] [t 1~ XNA) o] Vi
Ama = INI)/(XHI'X}ILI) AMDT = lﬁ,ﬁ’.—m

Vi - ¥BLN
DIFX= Ais ke

KP = XNN +DIFX

P = YBIN + (Amp)(DrexX)

~YM-AMDT(XHL] = XA
otex = AMDT(XHL] = XNN)

YP = CAMBYDIFX)

AMDT = =~ AMDT

AMB - AMDT
AXP=XHLI+ DIFX

A

473

— =29

‘<0

YP= -YP L

DIFX =YK+ ARDT&HLI - KNN) CAMB -AMDT)
XP=XHLI +DIFX

yP = (AmB)(DrFX)
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2-3033 R

XNI = XP
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7Loxx$ (TABG, XNI 0,
0,Y82)

[yB2Ni = yB2

TLUXXS (TABL, YNN.0N -
0, YB2) '

[ V32N =YB2 |

XNI= XN+ PSR (<X

1585
)’sz\/MNll(xHL-xun\ T = XHL)

KNI ok

AL TG NS/ W 7))

<wax8 (TAB7, X1 q> <YHL

0, ¥83)
| /59

_ YBINI-YAL, XN7-XHL
A[AB XWI<XHL,

161 |
[0 = v~ AMB (XHL - XNN)
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r 1

) 954

I57
£ 0
20 Kw-vaun
782 NT = YRLA
1LUxxS (7487,%M1,0, ag= ELA-TB
<o, Y82) ! > xlil XK H
' ; 7T=UXXS -
l YB3NI = YB3 J \TAEG/X”‘Z 0)0' Y52
TLUXXS(FABT XNN 0, \ -
<o, Y83) 7 ’> Vo= =Y:‘32
Yo = YB3

Y8 iow |
AMB= ZyT-XN~ |

T

AT = il i

XNN]-XNN

|

DIFM = AMB-AMDT
DLFY = YN-Y0

. DIgy
DI FX OIFM

XP=DIFX + XNN
DIFFY = (AmBYDIFK)
VP = DIFFY+Y0

£
@m 2

yp=-yP |
_4‘:
A
xp_>@>-.000/ @

{ #oA
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NI =XP
WFSMB=WFSME#1

XP =XHL
YP = YHL

JP=J#1
1PB=1PA+]JP
xPL III”B =XP
YPLTpg ® 7P

3416

ID=1ID¢!
XPLOT;p = XP
YPLOTyp= VP

(h

————ad
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3 ZX7RAPE
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TRAPPED

( WRITE "PA‘RTI(':LP:)
¥

_ ALPHA = ATAN(AMB)
L BETA= 157079

2 ' /2B 1
3 , =XMN o XNN

[BETA=ATAN(AMDT)
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SIGNZ=-I >% SIGNI=] Srénz=1

| SIGN2=1 >%%

SIGNI=1 £pS = T4,

SIGN2=] VBIT =0

YDW) \I (VDXW)XVDXWHI)
+(vzm./)(mwm)

V82N = (owi)(ReSIL)

SIGN]=~=1

| SICN2=~1

D) [8/¢

YOW 1 =4 ) (VD XW)(VDXWHD)| + (VDY +VDYWRI)]
YBIN= (vaz)%s.rﬂ(wy BETA)

YBIT =(vow()(COS(ALPH- BETA))

B2y =(BIN)(RESIL)

EPS = ATAN(VB2N/VBIT)

488 8/8

ANGLE = ALPH + EPS

vOW2 =YVBIT* + V82N

vDXwH I =(yDw2)(SIgn 1)(CoSANGLEY)
vDYWN] = (VDW2)(SIGN2)(SIN(ANGLE))

YP VYOYWN|= ~VDYWN!
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BOUNCE = BOYUNCE i
YORCP =YP

XL = XP
vyw=(oywnD(v1F)
vxW=(yDxwHI{UINE)

[__5_9;_
SAVE=YDROP £0
FN=FN +1 DELIDP Fy=1] FN=FN+i
YDROP=YDROP + 2,77 L
YDROP=YDROP~ RELIDE.
<b 120 2.7%
FN /
YTAN =YDROP | —\/%¢
vpRoOP = SAVE ~DELYDP A
YTAN = YDROP
YDROP = SAVE - DELYD P
50A :
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S04
&/

AHITE = XP~-XPR}

WID =YP-YPMI

SQHITE =(AHITE)?
SQWID = (WID)*

AHYPT =Y SQHITE +SQWII

4 /K —
ik ALAMDAS—=0

2640
CONAER = AHYPT

1641 \/

SUnRAD =|CrP+YPRDY
CONAER = SUMRAD +ANYPT 1.
£ =¢0| 2VER0P)- DELYDP| QELY DP)]

X

4
MM
(s

2=(60)(DELYDP)

[2= 20 (YTAN-YDROP)]

0

Y/
0

2=C0(YDROP-YTAN) |
PMM=0

£=60(0R0P-YTAK)(YDROP + YTAN)
PMM =0

L
6167 9

PHYP =Y(YP)* +(xP ~XHLIY*
~|PuHYP= x/('m«:)%?mr—x#u o
ConaER = (YPY(PHYP) ¢ |GrPmiXPnayP) |

20

1692 |
[w ATER =) (UIN F)(ALWG)‘l

T = SAIEE

ZoEVENO. p3-6061
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1644
XSS =XP-XHL
XXSS = XPMI—XHL

TLuxxS (TAB8, XA 0, .
0,Y81)
G pIN.Y81 +-001 @

2 Y8! +.00i

TLUxx3 (TABG, XP 0,
0, YBN)
|
|YB2xP =782

‘@ L YB2XP +,00]
1 68

Q;,uxxs (7A81, X838,

<n,uxxs (TAB2 XSS, 9,0,8UF)
0.0 9V
Sup=~-8up
UNDER‘-I UNDER =1

TLUXX3(TAB1, XX33,
0,0, SUPMO
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B2k

2 T

| Qupm; = -SuPMi |

72
TLUXX8 (TABZ,XX88,
0,9, 3UPAI) y
¥ - z»ﬁg S2C
AvG = (SuP+SUPMIE
,'L = 675§
~ AVS=SuP
~ =0 .
é’m y FAM ]
AN WATRAT =0
+0 FN =0
i
{62
YPMi=Yp
XPMI= AP
UNDERS = UNDER

i
!

(WRITE WATRAT, AVS, xg)
\ YA WATER

(= nK1]

IDX=4+2(Kk-1)

. TAB/DIDX = AVS
TABIO vy = WATRAT
TAB/Dy = KK

xpz0

YP=0

xeui=0 |H | ,

moErrse|no, D00
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E<3G33 RY

)

rouxx3 (T489,X88, 0,
0,SUP) s

TLuxx8 (TABY XSS,
0,0, SUPMI) .

>0

YP

£0 [uNDER =1 |
UNDER = -1
Sup=-~-Sur-

(Svemi=~Supmi |
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10.4 Appendix L - Water Droplet Trajectory Computer Program Listing
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, —~  SIBFTC DRCP

@E‘ DIYENSIOGN T{7),XPLOT(550),YPLOT(550),XPLT(3100),YPLT{3100])
DIYENSION TAB1(100),TAB2(100),TAB3( 5C00),TAB&(200)+TAB5(200)
DIMENSION TAB6(200),TAB7(200)
DIMENSION HEAD(12),TA({71,1PC(100)
BIMENSIGN TL(9)
EXTERNAL GOTHIC
COVMON  TAB3

C DIVENSION TAB6(200),TAB7(200}
C NIMENSION T(7),XPLOT(200),YPLOT(200),XPLT{20C0),YPLT(2000)
c CIMENSION HEAD(12),TA(T),IPC(100)

CIYENSION TABB(100),TAB9{100}
INTEGER KEAD
DIVENSION TAB10(500),TABL11(800)

C DIVMENSION TL(9)
REAL MByMDT,LANGMR

C COMNON TAB3

C CCTHIC

13CC FOAIMAT(6EL12.6)

RTBT FORMAT(4X¢4HDTW=EL1244+4XeSHVDYN=E12c4 44X s THVDYWNLI=E12.4/4X+5HVDXH=
1E1244 04Xy THVOXWNL1=E12.444X93HAK=E12.4/64Xs3HCK=E2.414Xy4HREN=ELZ,. 4
294X 6HREINF=EL2.4/4X4HVDX=L12.494X94HVDY=EL12.494Xy3HVX=EL12.4/74X,
33HVY=E12.4)

1240 FORMAYT(4X s THWATRAT=E20.8,7Xs4HAVS=E20.8/4X,3HXP=E20.8+11X,3HYP=E20
1.899X,5HWATER 4 F1l4.6)

OIMENSION Y{1503,X{150)
- 6C0 FORMAT (6E18.5)
Ny 601 FORMAT (1X)

603 FORMAT (1Xs4Fl4.5)

504 FORMAT(/4H XP=F12.6/5H XN1=Fl1l.6/)

610 FORMAT (9H AHLSTEDT)

63C FORMAT (1X,2HR=F12.6//6Xy3HAVS, 11X, 6HWATRAT//(F14.6:2XeFlveb))

635 FORMAT (///76X¢3HAVS 11X 6HCUMWAT//(F14.692X+F14.6))

640 FORMAT (1X96F1l4.6)

65C FORNMAT (1X48F9,3)

660 FORMAT (17H PARTICLE TRAPPED)

661 FORMAT (38H TOO MANY POINTS iIN PLOT OF WHOLE AREA)

662 FORVYAT (40H TOO MANY POINTS IN RESTRICTED AREA PLNT)

6TC FORMAT (BHLITABLE 1/33H X=DISTANCE TO RIGHT OF HIGHLIGHT/45H Y=LOWE
XR CCWL SURFACE DISTANCE FROM HIGHLIGHT//10Xy1HXy20X,1HY/)

671 FORMAT [8H TABLE 2/33H X=DISTANCE TO RIGHT OF HIGHLIGHT/46H Y=UPPE
XR COWL SURFACLC DISTANCE FROM HIGHLIGHY//10X,1HX,20X,y1HY/)

6CS FOUMATULIX///7)

673 FORMAT (BH TABLE 4/34H X=Y VALUE OF POTENTIAL FLOW FIELDO/S53H Y=F[R
XST YBCUNDARY VALUE OF X AFTER LEFT HAND BOUNNARY//10XyLIHX920Xe1HY/)

674 FORMAT (8H TABLE 5/34H X=Y VALUE OF POTENTIAL FLUW FIELD/S4H Y=5SEC
XOND BCUNCARY VALUE OF X AFTER LEFT HAND BOUNDARY//10Xs lHXy20X,1HY)

ATS FORMAT (8H TABLE 6/34H X=X VALUE OF POTENTIAL FLUW FIELD/SOH Y=FIR
XST ROUNDARY VALUE OF Y ABOVE LOWER BOUNDARY//1O0XIHX,20X,1HY/)

676 FURMAT (8H TABLE T/34H X=X VALUE OF POTENTIAL FLOW FIELD/S50H Y=SEC
XOND BCUNDARY VALUE OF Y ABOVE LOWER BOUNDARY//10X1HX20X1HY/)

677 FORMAT (8H TABLE B8/34H X=X VALUE OF POTENTIAL FLUW FIELD/41H CENTE
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XILINE OR LOWEST BOUNDARY VALUE OF Y., /10X,1HX,20X,1HY]}

o078 FQORMAT {(8H TABLE 9/39H X=DISTANCE ¥0 RIGHT OF HIGHLIGHT (XHL)/63H
1Y=CENTERBODY SURFACE DISTANCE FROM CENTERBODY HIGHLIGHT ({(XHL1)//10
ZX 3 1HX 20X, LHY)

68C FGRM¥AT (10XsF10.5410X,F10.5)

3100 FORYAT{12A6)

3101 FORVMAT(1H1,12A6)

312 FORMAT({1HO, 10X4HALWCLITXIHRIGX4HUINFI3XSHUPINF16XZ2HPALG6X2ZHWA

3104 FORMAT (1HO, 11X,2HYSL,15X,3HYSHM,13X,SHVXWIN,13X,5HVYWIN,13X,
16-DIRECT, 13X, 6HRANDOM)

3105 FORMAT (1HG, 11X,3FKFXHL,15Xy3HYHL,y12X,6HALAMDA,13Xs5HRESIL 414X,4HRHG,
XW,y12X,6HLANGMR ) ’

3165 FORMAT (1HO,9XySHREINF, 16X, 2HAK)

31C6 FORMAT (L1X96(EL15.7,3X))

3107 FORMATI1HO)

31C8 FORMAT (1FHO,10X,4HXMAX, 14X 4HYMAX,13X,5HYDROP,12X,6HDELYDP,16X,
12KXL, 14X, 4HXHLL)

31CG FORNMAT (2X,4HXNN]L ySX o 4HYMNL 06X, 5HDTW,6Xy2HCKy 7Xy3HREN,9X,y3HVDX,y
17X, 6HVDXWNLy 6K 6HVDYWNL 48Xy 3HVDY »6X s 3HXKTy3X,6HDIRECT)

311IC FORMAT (1H 2FTe33F10e%4s1XyF8.5:41X9EB8.131XeEL1103,1X0E1)03,1X,E1103,
llxp::].loB'IXDE1103’1x,3F501)

3111 FORIYAT(BHOVOYWM =E12.4,5XTHVDXHWM =E12.4)

3112 FORMAT (6EL12,6)

3113 FORMAT (5E14.610

3114 FORVAT (11O, 8X,6HGRAVTIY,13X,5HDELX],13X,5H0CLX2,13X,5HXREF1,13X,
15HXREF2)

3115 FORYAT (1HO,8Xy5HYTRAPL,12X,6HYTRAP2,12X6HXTRAPL,12Xy6HXTRAP2,12X
Xy»SHTARLE)
NATA IBLANK/6H /
LANGMR=0.
RENINC 23
WRITE (23,610)
[2=0
CO 2009 1=1+800,2

2CC% TABlLI(I)=FILL
BCUNCE=0.,0 .

2001 CALL RENTRY (N)
IF (HN.NE.O) GO TO 6041

2CCC CONTINUE
CALL REMOVE (23,3)

TLI2) = 0.0
TLis) = 10.0
TL(9) = -1.0

GG TC 2004
6041 X55=Xx55
2003 TA(7) = 10

[F(IC - 2)3394,3394,3393
3393 CALL MPLOTS(TA,XPLOT,YPLOT)
3394 TALT) 0.0

TLiL) TA(1)

TLI3)= 3/TA(3)

n n
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o

#o
QG

3395

339¢
3397

3368

20C4

TLI&) = ,7/TA(4)

TL(5) = ,5/TA(3)

TL(6)= TAL6)-.5/TAl4)

TLIT) = TA(5) + 2.25/TA(3)
CALL ALPHA(TL,HEAD,72,GOTHIC)
CALL MPLOTS(TA,XPLOT,YPLOT)
{1} = TA(1)

T(2) = TA(2)
[F(JP)3396,3396,3395

IP = IP + 1

IPCLIP) = gpP
IF(1P)2002,2002,3397

IPA =}

DO 3398 I=1,]P

J = IPCLI)

"t =4

CALL MPLOTS(T XPLT(IPA),YPLT(IPA))

[PA = 1PA +

TL(3) = ,3/T(3)

TL(4) = 7/7(4)

TL(S) = ,5/T1(3)

TLI6) = T(6) = ,5/T(4)
TLIT) = T(5) + 2.,25/Tt3)

CALL ALPHA(TL,HEAC,72,GOTHIC)
T{7) = 0

CALL MPLOTS{T,XPLT,YPLT)

IF {LANGMR.GT.0.) GO TO 2005
GG 10 2002 .

REAC (5,3112) (TABL(J)yJ=1,3)
[A=TABL(1)*TABL(2)*TAB1{3)+3.0
REAC (5,3112) (TARL{J),J=4,1A)
REAC (5,3112)(TAB2{J),J=1,3)
[A=TAR2(1)#TAB2(2)#TAB2({3) 43,0
REAC (5,3112) (TAB2(J)yJ=4,1A)
REAC (5,3113)(TAB3(J),J=1,3)
[A=TAB3(1)#TAB3(2)*TAB3(3)+3,0
REAC (5,3113) (TAB3(J),J=4,]1A)
REAC (5)3112)(TA?5"9(J),J=103’
[A=TABA4(1)#TAB4(Z)«TAB4(3)+3,0
REAL (5,3112) {TAB4(J)yJd=4,]1A)
REAC (5,3112)(TABS{J),J=1,3)
TA=TAB5(1)#TABS({2)4TABS(3)+3,0
REAC {5,3112) (TABS! 1),J0=4,1A)
REAC (5,3112)(TAB6(J),d=1,3)
[A=TAB6(1)*TABG6(2)*TABL{3)+3.,0
REAC (5,43112) (TAB6IJ),J=6,]A)
REAC (5,3112)(TAB7(J),d=1,3)
[A=TABT7(1)#TABT{2)*TAB7(3)+3.0
REAC (593112)(TAB7(J),d=4,1A)
REAC (5,3112)(TAB8{J),d=1,3)
[A=TABB(1)*TABB(2)*TABB(3)+3,0
REAC (5,3112)(TABB(J),J=4,]A)

D3-6961
Page 209




REAC ({5,3112)(TAB9(J)»J=1,3)
IA=TAS9({1)*TAB9(2)*TAB9(3)+3,0
READ (5,3112)(TAaBI(J),J=4,1A)
2002 IF (R.NELLANGMR,AND.LANGMR . NE.O.) CO TO 2055
REAL (5,3100) HEAD
IF (FEAC(1l).EQ.IBLANK) GO TO 2004
REAL (5:1000)(TA(]),1=1,6)
READ (5,1000)(T(I),1=21,6)
TA(1l)=-23.
REAC (541000) ALWC,R,HUINF,UPINF,PA,WA
REALC (5,1000) XMAX,YMAX,YDROP,DELYDP,XL s XHL1
REAC (5,1000) YSL,YSVM,VXWINJVYWIN,DIRECT,RANDCHM
REAC (5,1C00) XHL,YHL,ALAMDA,RESILRHOW,LANGMR
‘REAC {5,1000) GRAVTY,DELX1,DELX2,XREF]1,XREF2
REALD {S,1000) YTRAP1,YTRAP2,XTRAP1,XTRAP2,TABLE
SYDRCP=YDROP
[BEV=1
NK=0
KL=0
[F (LANGMR.NE.O.} R=LANGMR
00 2007 1=2,800,2
2007 TABL11(1)=0.
[MAX=0
2C05 REINF=2.0#R*PA%UINF/KHA
[F (TABLE .EGC.0.0) GO TO 6055
TABLI({1l)=1.,
TABl{2)=2.
TABL1(3)=100,
TAB1(4)=0,
TAB1(5)=0.
NK =56
00 701 1=6,100,42
1Cl1 IF {(1AB6{1)}.GELXHL) GO TO 702
102 NKé6=[~1
7C3 NK=NK+1
NK6=NK6+1
TARLINK)=TAB6(NK6E)=-XHL
NK=YK+1
NK6=NK&+1
[F (TABL(NK~-1).ECQ.Q0.) GN TO 705
TABLINK)=TABLINK=-2)+SQRT((TABOE(NKS6~1)I~TABSL(NKH~3 ) )wu2+(TABS[{NKS)~
XTAUH(NKE=2) ) #22)
IF (TAB&AINKG6=-1) LT XFAX=-,CQLl) GO TO 703
GG TC 706
7C5 TABL{NK)=0,
GO TO 703
7C&6& TAB2(1)=1,
NK=(NK-=3)/2
TABL1(3)=NK
TAB2(2)=2,
TAR2(3)=100.
TaAR2(4)=0,
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Tag2(s)=0,
NK=5
CO 710 [=6,100,2
710 IF (TABT(I).GE.XKL) GO TO 712
712 NK7=]-1
713 NK=NK+1
NKT=NK7+1
TAB2{(NK)=TABT{(NK7)-XHL
NK=NK+}
NK7=NKT7+1
[F (TAB2(NK-1).EQ.0.) GG TO 715
TAB2(NK)=TAB2(NX~2)+SQRT{(TABTINKT7-1)-TABT7I{NKT7=3))#u2+(TABT(NKT)~-
XTABY7{NKT=2))2%2)
IF {TABT{NK7-1).LT.XMAX~,0001l) GO TO 713
GC 70 716
715 TAB2{NK)}=0.
GO 10 713
716 TA89(1)=1.
TABI(2)=2,
TaB3{3)=50
NK=(NK=-3)/2
TA82(3)=NK
TAB8G(4)=0.
TAB9(5)=0.
NK=5
CO 720 [=7,50,2
720 IF (T1ABBI(I).GT,.0,.,) GO TOD 722
722 NK8=[-4
XHLCB=TABB(1-3)
723 NK=NK+1
NK8=NK8+1]
TABI(NK)=TAB8(NK8)}-XKL
NX=NK+1
NKB=NK3+]
[F (NK.ER.T) 60 TO 725
TA3I(NK)=TABI(NK=2)+SQRT((TABB(NKB~-1)-TAB8{NXKB8~3))xx2+(TABB({N\NKS)~
XTA33{NK8=2))#+2)
IF (TAB8(NK8=1) LT, XMAX-,0001) GO TO 723
GO TC 726
725 TABI(NK)=0.
GO 1C 723
726 NK=(NK-3)/2
TAZ9(3)=NK
H055 [A=TAB6H(L1)*»TABG6(2)aTABS(3)
WRITE (64670)
IA=TABL(1)#TAB1(2)=TABL1(3)+3,0
WRITE (64,680) (TABL(1),1=6,1A)
WRITE(6,605)
NRITE (6,671)
14=TAB2(1)=TAB2(2)*TAB2(3)+3.0
WRITE(64680) (TAB2([),1=641A)
WRITE(6,605)
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WRITE(6,673)
[A=TAB4(1)+TAB4{2)#%TAB4(3)+3.0

WRITE (6,680) (TABG(1),1=6,1A)

HRITE (6,605)

WRITE (6:,674)
[A=TAB85(1)*TABS(2)*TABS5(3)+3.0

WRITE (6,680) (TARS{[),1=6,1A)

WRITE (6,60535)

WRITE (64675)
[A=TABE(1)*TABG6{2)+TABG6(3)+3,0

WRITE (6,680) (TAB6(1),1=6,1A)

WRITE (6,605)

WRITE (6,6761
[A=TAB7{1)*TAB7(2)+TABT(3)+3.0

WRITE (6:680) (TABT{1)s1=6,1A)

WRITE (6,605)

WRITE (6,677) )
[A=TAB8({1)#TAB8(2)+TA8({3)+3,0

WRITE (6,680) (TABEI!),1=6,[A)

WRITE (&,605)

WRITE (6,678)
TAsTABO([1)=TAB9(2)*TABI(3)#3,0

WRITE (£,680) (TABI{I},1I=6,1A)

WRITE (69605)

TABLE=0.0

YDRCP=SYCROP
AK=2,02RHOW=*R#222UINF/{9,0%HA)

WRITE (643101)HEAD

WRITE (6,3102)

WIITE (6,3106)ALWC,RLUINF,UPINF,PA;HA
WRITE (&,3108)

WRITE (643106) XMAX,YMAX,YDROP,DELYDP,XLsXHL1
wWRITE (L,3104)

WRITE (643106) YSLyYSHIVXWIN YYWIN,DIRECT,,RANDOM
WRITE (6,3105)

WRITE (6,3106) XHL,YRLsALAMDA,RESTIL yRHOA, LANGHMR
WRITE (6,3114)

WRITE (6,3106) GRAVTY,DELX14DELX2,XREFL,XREFE
WRITE (6493115)

WRITE (643106) YTRAPL,YTRAP2,XTRAP],XTRAPZ,TABLE
WRITE (6,3165)

Ww2ITE (6:3106) REINFHAK

WRITE (6,43107)

$0 2016 [=1,5900

TABLO(1)=0,

TAB1O0(1)=1,

TABLIO0(2)=2,

TARLC(3)=500.,

TA310(4) =0,

TARBLO(S5)=0,

XP¥1=0,

XKT = 0.0
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106

34CcC
3461
34C2
3403

6Q65

1c2
3C5
3cé

310

CK = 0,0
[P =
IPA = 0
JP = ¢
YP=0,0
YPM] = .0

WATRAT = 0.0

AVS = 0.0

UNDER=1,0

VXW=YXWIN

VYW=VYWIN

STRCIR=CIRECT

FN=0,0

PVM=0.0

GO TQ 104

YM¥=YMNL

YN=ABS{YNM)

INN=XNN1

HUNXAN=100,#XNN1

[F(T{5) -XNN)3400,3400,3404
[FIT(6) - ¥YM)3401,3401,3404
[F{T{1) -XNN)3404,3402,3402
IF{T(2) - YM)3404,3403,3403
Je = Jyp + 1

iPB = [PA + Jp

IF (1PB.LT.3099) GO TO 6064
WRITE(6,662)
[PB=[PA
JP=0
XPLT(IPB)= XNN
YPLY(IP3)= ¥M
[D = ID + }
\
[F (I0:LT.545) GO TO 6065
WRITE {(64661)

1C=1C~1
XPLCT{ID) = XNN
YPLCT{ID) = YM

VOXW=VDXWN1

VCYA=VDYWN]

GO TC 2205

IF {RANCOM) 305,305,310
YORCP=YCROP+DELYDP

[F [RANDOM.GT.C.0) GG TO 310
VXW=VYXWIN

VYW=VYWIN

GO TO 315

REAC (5,1C00) YCROP,XL,VXW,VYW

@CUNCE=0,0

IF [YOROP+XL*+VXW4VYW.EQ.0.0) GO TO 2003

[F (YCROP.GT,YMAX) STOP
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3407
34038
3609
341C

3411

22C
2205

221
225
226
232

278

[F(4P) 3405,3406,3405

IP= 1P = 1

iPCLIP) = 4P

[PA = IPA + JP

32 = 9

TALT) = ID

DIRCCT=STROIR

Caty VMPLOTSITA,XPLOT,YPLOT
VEXa=VXAd/UINF

VOYW=YYW/UINF

WRITE (6,:5603) XL,YORGP;VDXH VDY
Y*=YQRQOP .
YM=ABS{YH}

WIITE (6,3109)

FUNXAN=1D0, # XL

XAN=XL
ANNTsXNN
XPLUT{1l} = XNN
YOLCOTELEY = YH

IEF{T{5}) —-XNN)I3407,3407,3411
IF{T{6) - YH13408:3408,3411)
FRLT{E) ~XNNJ3411,34C9,3409
[F{T{2) ~ YMi3411,3410:3410

Jeo= gp o+ 1

IPH = [PAE &+ JP
YPLT{IPBR) = XNN
Y2LT{IPB) = ¥M
I = 2
XPLATLID) = XNN
YPLOT(ID) = YH

IF {XNN.GTXLY GO YO 2205

NYR=TAB3(2)i~1.

NXC=TAB3{3)-~1.

CO 210 [=1,MYR
Y{1)=FLOATUINT(TA33(1+4}+10000.0+.5))/10000.,0
TABJ(1+4)=Y(1}

CONT INUE

J=b

CO 220 I=1,NXC

J=J+NYR+1

X{{)=FLCATUINTITAB3(J) #1CC00,0+.5)1/10000.0
TAB3(J)=X{I}

CONTINUE

[F {YN.GT.YMAX) GO [0 2003

DELX=CELX])

IF (XANOTXREFLANDCXNNLJLT.XREF2) DELX=DELX2
IF (CIRECT) 225,225,260

IF (VCYW)226,226:235

I# (YV.LEL.O,) GO TO 231

£O 228 {=1,NYR

[F (Y({l).GE.YN} GO TQ 229

CGNTINUE
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)

229
23C

236
237

250

255
256

2¢6C

265
266

271
21C
275
21¢&

13

12
1301
14

YMNL=Y(]-1)
YJ=Y{[~-1]}
IF{YV.LE.-Y(1)) YMN1=-YMNI

[F (ABSUYMNLJ.EQeY{2) AND.VDYW.GT.0.0) YMNL=4BS(YNNL)

YJi=Y{])

GO TG 2S¢

IF {(YFP.LF.0.) GO TG 232
CO 23¢6 I-1,NYR

IF (7{I).GT.YN) GO TQ 237
CONT INUE

YENLI=Y(])

GO 10 230

0O 255 I=1,NXC

IF (X{I).GT.XNN) GO TO 256
CONTINUE

XN1=X{1)

XN=X{]=-1)

IF (CIRECT.GT.0.,) XNNI={HUNXNN+DclLX)/100.

GO 170 13

O 265 I=1,NYR

IF {(Y{I).GE.YN) GO TO 266
CONT INUE

IF LYNLEQLY(L1)) [=2

YJdi=y([)

YJ=Y{[~1)

[F (VOXW) 270,271,250

[F (VLX) 270,270,250

CO 275 [=1,NXC

[F (X{I).GE.XNN) GO TO 276
CONTINUE

XN1=X{1])

AN=X{I-1)}
XNNL={HUNXNN=-DELX)Y /100,

CALL TLUXXSI{TAB&6,yXN1,C»0,YB2)
CALL TLUXXS(TABT7,XN1,0,0,YB3)
YB2Nl =YB2

YR3N]L =YB83
INDB1==-1
[NC2=-2
INO3=-3
[NDG=-4

IF (XAN1=XHLI) 11,12,12
[FLYN=-YSL ) 11,1301,1301
IF(YN-YSM) 14, 14, 11

CALL TLUXXS(TAB4, YJ,0,0,XB2)
CALL TLUXXS(TABS, YJ,C,0,X83)
XR2J=XB2

XB3J=X83

CALL TLUXXS{TAB4,YJ1,0,0,X82)
CALL TLUXXS(TABS,YJ1,0,0,XB3)
XB2J1=XB2

XB3J1=X83 ,
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15

20
1¢

19

17

22
16

CALL TLUXXS{TABG6;3;XNsC,0,Y82}
CALL TLUXXSITAB7,Xi,C,y0,YBR3)
YR2Z2N=YB2

YR3N=YB3

CALL TLUXXS(TAB6yXN1l,4040,YB2)
CALL TLUXXS{T&B7,XN1,0,0,Y83)
CALL TLUXXS (T:488,XN,0,0,Y81)
YBIN=YB1

CALL TLUXXS (TABB,¥YN1,0,0,Y81)
YBIN1=YB1

YR2N1=YB2

YB3N1=YB3

INDI;' "'1-0

IND2= -1.0

[NC3= ~-1.0

INO4= -1.0 -

[X82J=1CCCO.C*#(XB2J+.00001)
IX83J=10000.0+({XB3J+.00001)
IXB2J1=10000.0#{XB2J1+0,00001)
IX8341=10C00.0#(X83J1+0.C0001)
IYB2N =1CCC0.0=({YB2N +0.C0001)
[YG3N =10000.,0+{YB3N +0,00001%)
IYB2N1=10000,C+(YB2N1+0.C00Q1)
IYB3N1=10C00.0#{YB3N1+40.,0C001)
[YBlN =10CCO.0¢(YBIN +0.CCOO01)
[YBIN1=10000.02{YBIN1+40.,00001)
[XN =1CC00., 0= (XN +0.CC001)
I[XN1  =10C00.G*(XN1 +0.00001)
Iyd =1CC00,.0+(YJ +0.0C001)
IYyJgl =1CC00.0#{YJ]l +0.0C001)
[ (IXN-[XB2J) 15416416

XLL=XN

YLL=vyJ

[F {IXN-1X82J1) 17,18,18

IF (IXN.GE.[XB3J1GO 10 15

[F (IYJ.GT.IYBIN) GO TO 19
XLL=XB3J

YLL=YBLN

INCi=2

GC TC 20

XLL=XB3J

YLL =YBIN

INC1= 1.0

6O TC 20

XuL =X\

Yut=vYJl

[F (IXNL=-IXB2J) 23,24,24

IF (IXN.GT.IXB3J1) GO TO 17

[F (1YJ.GT.IYBLN) GO TO 21
XUL=X83J1

YUL=YBIN

[ND2=2
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PR

21

27

2¢

28

431
433
435

GO 10 22

XUL=XB3J1!}

YUL=YB2N

IND2= 1.0

GO TG 22

XLR=XN1

YLR=YJ

IF (IXN1-IXB2Jl) 25,264,226
[F (IXN1.GT.IXB3J) GO 7O 23
IF (1YJ.GT.IYBINL)GO TO 27
XLR=XB2J

YLR=YBIN1

INC3=2

GO TO 281

YLR=XB2J

YLR=YB3N!

INC3= 1.0

GO TG 261

XWR=XN1

YWwR=YJ1

GO 10 29

IF {IXN1.GT.IXB3J1) GO TO ¢5
IF (IYJ.GV.IYBINL] GO TG 28
YyR=XB2J1

YWwR=YBIN1

[NC4=2

GO TC 29

XwuR=XB2J1

YIWR=YB2N1

[NC4= 1.0

GC TC 29

YLL=YJ

YyL=YJl

YLR=YJ

YWR=YJ1

XLL=XN

XuL=X\

XLR=X"{

XWR=X41

CELYL=YUL-YLL

IFICELYL) 30,30,31

VXL=0

CELYR=YWR-YLR

[F{2eLyYR) 33,32,34
IF(INCL) 431, 431, 432
PHILL = 1.0

[F (INC1.EQ.2) PHILL=0,
GC TO 433

CALL TLUXXS({TAB3,XLL; YLL,0, PHILL)
IF(INC2) 434, 434, 435
PHIUL = 1.0

IfF (INC2.EQ.2) PHIUL=0,
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434
a6

23
35
3221

34
438

437
43S
441

440
301C

442

36
38

37
L4L4

443
445
447

446
448

4681

4C
45C

446
451
453

452
454

GO TC 46

CALL TLuxxsS(TtAB3, XUuL, YUL, 0, PHIUL)
IF (ALAYPDALEG,.O0.C) GO TO 436
DELYL=(({YLL#YUL)/2.)=DELYL
vXL={PHIUL-FHILL)/DELYL

GO 1C 32

VXR=0

CONTINUE

CELXL = XLR - XLL

IF{CELXL) 36,36,37

IFUIND3} 437, 437, 438

PHILR =1.0

IF (INC3.EQ.2) PHILR=0,

GO TC 4329

CALL TLUXXS{TAB3,XLR,YLR,0y PHILR)
[F{INC&4) 440, 440, 441

PHIWR =1.0

IF (INC4.,EQe.2) PHIWR=GC,

GG TG 3010

CALL TLUXXS{TAB3,XWRyYWR,0,PHIWR)
[F (ALAMDALEG.D.C) GO TQ 442
CELYR=((YWR+YLR)/2.,)*CELYR

VXR = (PHIWR-PHILR}/DELYR

GO TO 35

vYL=0,0

CELXU=XWR-XUL

IFICELXU) 39,39,40

IFI(INC3) 443, 443, 444%

PHILR =1.0

[F (INC3.EQ.2) PHILR=O0,

GO TC 445

CALL TLUXXS({TAR3,;XLR,YLR,0,PHILR)
[F{INDL) 446, 446, 447

PHILL =1.0

IF (INC1.EQ.2) PHILL=O0,

GO O <48

CALL TLUXXS{TAB3,XLL,YLL,0,PHILL)
I1F (ALAMDA.EC.O.) GO TO 4481
DELXL=YJ*DELXL

VYL= (PHILR-PHILL)/DELXL

GG TC 38

IFLINC4) 449, 44°, 450
PHIWR= 1,0

[F (INC4.EQ.?21 PHIWR=C,
GO TC 451

CALL TLUXKS(TAB3,XWR,YWR,0yPAIWR)
TELIND2) 452y 452, 453

PHIUL= 1.0

IF (INC2.EQ.2) PHIUL=O,

GO TG 454

CALL TLUXXS{TAB3,Xul,YUL,0,PHIUL;
IF (ALAMDALEGQ.O-i GO TO 4541
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i Y 4541

36
4101
32¢

361

36C
362

363
364

340
42
43
44
45

1001

JeS
3011

325
336

337
338

CELXU=CELXU=YJ1

VYW= (PHIAR-PHIULj/DELXU

WFS=0.0

CONTER=0,0

GC TC 4101

VYW=0,0

Hr$=0.0

CONTER=0,0

CIvX=0,.,0

cIvy=0.0

IF (CIRECT) 320,320,340

IF (VYW.NE.O,) ClvY=1.

IF (VYL.NE.G.,) CIVY=CIVY+1,

IF {vXL) 360,361,360

VX=VXR

GG TC 364 .

IF (VXR} 363,362,363

VX=VXL

GO TO 364

VX=VXR*» [ (XNN=-XLL)/(XLR=XLL))+VXL#{{ XLR-XNN)/(XLR=-XLL]))
YNMEAN=ABS{{YMNL+YM)/2.0)

VY={VYL#(YMEAN=-YJL1) +VYW=(YI-YMEAN)}/(YJLl=-YJ)
GO TC 3011

[F(VXL) 42,43,42

CIvX=1.0

IF(VXR) 44,45,44

CIVX=DIVX+1,0

XVEAN =(XNN+XNN1)/2.
VX=(VXL#(XNLI-XVEAN) +VXR & {XMEAN-XN}) /{XN1-XN)
IF (VYWNELOLO.ANDLVYLLNEL.O.O0) GO TO 365

IF (VYWNELO.) GO TO 7001

VY==VYL

CC TC 3011

[F (YJLEC.O0.) GC TO 365

VY==-VYW

60 TO 3011

VY = =VYhe((YN=YLL)/{YUL-YLL))=-VYL2({(YUL=-YN)/(YUL=-YLL))
VDX = VX/UPINF

VDY=VY/UPINF

[FIYMJLTL0,) VUY==VDY

FIRST=0,

OwB=0,0

VOXWM=VCXH

VOYaM=VOYW
REN=REINF#SQRT{{VDX=VDXWM) 222+ {VOY-VDYWM)%n2)
CK=ls4o1972REN®2,63+,00026%REMN®%]1,38

IF (DIRECT) 336,336,337

XASX=V0Y A2+ {YMNLI-YV)# (VDY~-VDYWM) 2 CK/ {6, 0%AK)=5,3623/(RHOW2UINFas

X2)2{RFCW~-PA)#(YMN1-YM)%GRAVTY

GO TO 338
XX5X=VEXW# 424+ {XUNL=XNN) # (VDX-VOXWM) #CK/(6.02AK)

I[F (XX5X.LT.0.,) GO TO 370
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IF {WFS.GT.0.0}) XX5X=0.0
IF {CIRECT.GT.O0.) GO TO 339
VDYANL=SCRT (XX5X)
I[F (VOYH.LT.0.) VCYWN1=-VDYUN]
CTw={YMN]-YM)/{6.C*{VOYWNL+VDYHW})
YRXWNL=VEXW+CTW* ([VOX-VDXWM) #CK/AK
GO 1C 5010

37C IF (CIRECT.GT.0.0) GO TO 348
IF (CCNTER.GE.4.0; GO TO 348
CONTER=CONTER+1.0
YMNL=(YM¥+YMN]1)/2.0

GG 0 4101
348 [F (CWB.GT.0.0) GO TO 345
DAWB=1.0

[F {(CIRECT.GT.0.0) GO TO 346
VOYWV=VLYW/2.0
GO TO 325
34¢ VOXAMN=VDXW/ 2.0
GO TG 325
345 [F (CIRECT.GT,0.0) GO TO 347
CIRECT=-CIRECT
GO TO0 2205
347 XNNLI=XNN-{VOXW*VOXW*6,0#AK) /{CK#{VDA-VDXW/2.0})
CONTER=CONTER+1.0
WFS=1.0
[F (CCNTER.LE.10.0) GO TO 4101
VOYWM=VDYW
XKT=26.0
XX5X=0.0
GC TO 339
336G VDXANL=SQRT(XX5X)
[F (VCXW.LE.O.} VCXWNI=-VDXWNI1
IF (VCXHL.EQeQosOsANC+VDOXoGTo0e0) VDXWNLI=ABS{VOXWNL)
DTA={XNNLI=-XNN) /(6.0 (VDXWNL1+VDXW))
VOYANL=VOYWHCTW#{VOY-VDYWM) #CK/AK=-32,.174#DTdn (RHOW=-PA) /{RHOW*UINF»
Xe22)=GRAVTY
501C IF (VLCXWN1.GT.VCXW) GO TO 4200
[F (VDX GELVOXWNL) VCXWNLI=VDX
GO 10 5020
420C IF (VCX.LE.VCXWNL) VCXWN1=VDX
502C 1F (VCYWNL1.GELVLYW) GO TO 4100
WOY=vDY=32.1768 (REDW=-PA)&{DTW)/(RHOW#UINF##2)*«GRAVTY
[F (VCYWNL.GE.WRY) GO TO 399
VDYWN1=VOYW
IF {WCY.LT.VCYW) VOYWNL=WDY
GO TC 399
A1CC WNY=VLY=-32.174%(RHGW-PA)I=(DTW)/(RHOWeUINF##2)#GRAVTY
[F (WCY.GT.VCYWNL) GO TO 399
VLYWNL=VDYHW
IF (WCY.GT.VCYW) VOYWN]l=WOY
VOXWNML (VCXWNL + VLCXW)/2.0
VDYWML (VOYWN]1 + VCYW)/2.0

W
[Fs)
\‘)

D3-69€1
Page 220

'Y



IFIXKT -~ 25.0)4569,4599,3028
4996 IF(ABS{VLXW) - .01§3C41,304C,3040
304C IF(AES(VECXWM - VDXWM1) - ABS(.001 * VDXWM))3041,3041,3026
3041 [F(ABS{VDYw) - .C1)3028,3024,3024
3024 IF(ABS{VDYWM - VDYWM1) - ABS(.001 # VDYAWM))3028,3028,3025
3025 IF(ABS(VYDYWM - VDOYWM1) - .CCOl )3028,3028,3027
3026 [F(ABS(VDXWM - VDXWML) - .0001 1}3041,3041,3027
3027 CVXM=VDOXWM1~VOXHM

CVYM=VDYWM]-YDYWM

IF (FIRST.LE.O.) GO O 750

VDYuML=VCYWM-DVYMe({ { VOYHMX=-VDYw¥)/ {DVYMX~DVYM))

VCXWY1=VOXWM-DVXMa { VEXWMX=VDXhM) / (DVXMX-DVXM)

75C VDXAMX=VDXWM

VEYaMX=VDYWM

VCXWM=VDXWM1

VOYWM=VOYNML

FIRST=FIRST+1.

CVXNMX=CV XM

CVYMX=DVYM

XKT = XKT + 1.0

IF(XKT-25,)325,325,5000
5060 WRITE (653111)VCYWM,VDXWM

VOXWY = VDXW o
VCYwVM = VDYHW
GG TC 325

3028 IF (CIRECT) 500,500,502
5CC XAN1=X\NN+6,0%DTW=#{VDXWNL+VDXW)
XKT=2XKT+1,0
I[F (ABS{XNNI-XNN).LE.DELX/55.0) GO 70O 52
46C IF (XKT.GT.26.0) GO 10 %52
DIRECT=-CIRECT
GO TC 2205
5G2 YMNL=YV¥+£,0#0Tws (VDYWNL+VOYH)
XXKT=XKT+1,0
IF (ABS(YMNL1-YM).LE.(YJ1-YJ)=1l.05) GO TU 52
GO TC 460
52 ARITE (643110) XNNL,YMNL,OTw,CK,REN,VDX,VDXa 1l,VDYWNL,VDY,XKT,
XDIRECT
XKT = 0.0
3020 IF {XNN1-XMAX)54,53,53
53 IF (ABS{YMN]1)-YSM) 459,459,505
456 IF (XP¥1.EQ.0.0) GO 71O 462
[F (FN.NE.O.O) GO TO 471
SAVE=YCROP
FN=1.,0
GO TG 461
471 FN=FN+1.0
461 YCRUP=YORCP-CELYCP/2.0%%FN
GO 7C 306
462 IF (FNL,EQ.0.0) GO TO 102
FN=FN+1.0
YCROP=YDROP+DELYCP/2.0%2FN
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505
507C

5040
5048

5041
5049

5042
5C5C

5C41
5051

5044
5052

5045
5053

5046
3054
£C55

2056

5C172
5073

5060

GO TC 306

IF (RANDOM) 5070,5C7C,102

I1F {(LANGMR,LE.O.) GO TO 2003
NC=5+2+{NK~1)

WRITE (6,630) R,{TAB10{I},I=6,ND)
AVSMVAX=TABLIO(ND~-1)
AVS=FLCAT(INT{TABIO(Gis4.}~1)/4.

GO TC(5040,50414504245043,5044,50465,5046),18BEVY

FACTCR=,3

APERAG=,T!

GO TC 5055

FACTCR=.2

APERAC=,52

GO TC 5055

FACTCR=.1

GC T0 5055

FACTOR=,05

APERAC=2,22

GO TC 5055

FACTCR=.0%

APERAG=1.74

GO TG 5055

FACTCR=.1

APERAQ=1.37

S50 TC 5055

FACTCR=,2

APERAC=0.0

R=4APERAC=LANGMR

BEV=18EV

ARITE (6,640) BEV,FACTOR,APERAD
[BEV=IBEV+]

CALL TLUXXS (TABLO,AVS,0,0,WATRAT)
nITE (6,640) WATRAT

[F (AVS.GT,AVSMAX) WATRAT=0.
WAWRT=FACTOR*WATRAT

CC 3072 1=1,800,2

[F (TABLI(I).EQ.AVS) GO TO 5073
CUMNAT=TABLLI(I+1)

WRITE (69640) CUMWAT,WAWRT,AVS
CUMWAT=CUMWAT+WAWRTY
TARL1{1+#1)=CUMWAT

AVS=AVS+0.25

I1F (WATRAT.GT.0.C) GO TO 5056
[ENC=2#NK+5

L0 S5C60 [=6,1END

TAS10 (1)=0.

NK=0

IF (R.LEWD.) LANGMR=(C,

[F (1.GT.IMAX) IMAX=1

WRITE (64635) (TABLL(J),J=1IMAX)
GO TC 6041
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54 IF (ABS(YMNL1)-YMAX}55,53,53
55 CALL TLUXXS({TAB6,XNN1,0:0,YB82)

WESMB=0,
XNL=XNNL
I (ABS (YMN1).LT.YB2) GO TO 1575
CALL TLUXXS{TABT7,XNN1;0:0,Y8B83)
IF (ABS{YMN1)-YB3) 57,1C0,100

1575 CALL TLUXXS{TAB3,XNY1,0,0,YB1)
IF {ABS(YMN1).GE.YB1) GO TO 100

1577 CALL TLUXXS (T4B8,XN1,0,0,YB1)
YRIN1=YB1
CALL TLUXXS{TAR8,XNN,0,0,Y8B1)
YBIN=YB1
IF (XNN.GE.XkL1) GO TO 472
YZ1=(YMe{XNN]-XHLL)+YMN]1 (XHLL-XNN) )/ {XNN1=-XNN)
AMB=YBINL1/(XN1-XHL1)
AMCT=(YMNLI-YM)/ (XNN1-XNN)
IF (¥Y21.67.0.0) GO TO 473
CIFX=(0,0-YM-AMDT#*{XFLLI-XNN))/{AMB+AMOT)
XP=XEL1+DIFX
YP=-ANMB#DIFX
AMCT=-AMODT
GG TC 474

473 CIFX=(YM+AMDT={XEFLL-XNN) )}/ { AMB-AMDT)
XP=XkL1+DIFX
YP=AMB®DIFX
GC TG 474

472 AMB=(YBINL-YBIN)/(XN1-XNN}
AMDT=(ABSLYMNL)=YN)/ (XNN1-XNN)
CIFX=({YN-YB1IN)/(AMB-AMDT}
XP=XANN+DIFX
YP=YBIN+AMB+DIFX
[F (YVNL.LT.G.0) YP=-YP

474 CONTINUE
[F {(ABS(XP-XN1 }.LE.0.0001) GO TO 3201
XN1=Xp
WFSMB=WFSMB+1.0
iF [WFSV¥B,LEL25.0) GO TO 1577

GG TC 3501

€T CALL TLUXXS (TAR6,XN1,0,C,YB2)
YB2N1=YB2
CALL TLUAXS (TABE,XNN,0,0,YB2)
YBZN=YB2

[F{YB2ZN=-YMAX) 157,158,158

158 1F (XFLL.LT.XNL) GO TO 1585
XN1=XANI+CELX2/7100.
GG TC 57

1583 Y2=(ABSCIYMNL)#{XFL=XAN)+YNe {XNN1-XHL) )/ [ XNN1=XNN)
iF (ABS(YZ)-YHLY 157,3500,1560

159 AvE2=(YB2Nl-YFL)/{XN1=XHL)
GC TG 161

16C CALL TLUXXS (TARBT,XN1,0,0,Y8B3)
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1€1

157
58

56

€C

35C0

35C1
3412
2413
3414
3415

2418

8C2

YB3\N1=YB3
AMB=(YB3N1-YRL)/{XN1~-XHL)
YO=YRL-AMB® [ XHL-XNN)

GG TO 50

[F{YN-YB2N) 58, 59, 59
ARP={YR2NL1-YB2N)/{XN1-XNN}
CALL TLUXXS(TAB6,XNN,0,0,YB2)
YO=YRB2

GC TC 60

CALL TLUXXS (TAB7,XN1,0,0,Y83)
YB3N1=YB3

CALL TLUXXS{TAB7,XNN,0,0,Y83)
YO=YEB3
AMB={YB3N1~-YO)/{XNI-XNN)
AMCT={ABS{YMNL)—-YN)/ {XNN1-XNN)
DIFM=AMB~AMDT

CIFY=YN-YO

CIFX=CIFY/DIFM

XP=CIFX+XNN

DiIFFY=AMB=D]IFX

YP=CIFFY+YO

IF (YN\IIOLTOOQ’ YP=~YP

[F (ABS{XP-XN1}.,LE.0.0001) GO 7O 3501
XN1=XP

WFSME=WFSMB+1.

I1F (WFSMR.LE.25.) GO YO 57

GO TO 3501

CONTINUE

XP=XHL

YP=YFL

[F{T(5) -XNN)3412,3412,3416
IF(T(6) - YN)3413,3413,3416
[FIT{1) ~XNNJ241€6,3414,3414
IF{T(2) ¥YN)361643415,3415
JP = JP ¢+ ]

[PB = IPA + JP

XPLT(IPB) Xp

YPLT({IPR) YpP

[F (IPB.LTL.3099) GO TQ 3416
JP=0

[C=1C¢*]

XPLCT(LIC)=XP

YPLOT(ID) = YP

IF (XAN1.LT.XTRAPL) GO TO 802
IF (XAN1.GT.XTRAP2)GC TN 802
[F (ABRS{YMN]1).LT.YIRAPL) GO TO 802
IF (ARS{YVN]1).GT.YTRAP2)} GO TO 802
WRITE (6,660)

GO rc 102

[F (RESIL.EQ.O0.0) GO TO 9781
ALPH=ATAN(AMB)

BETA=1,57079

U u
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8C4

808

81cC

812
§l4

816

sle

9781

468

ITF{XNNL.NE.XAN) RETA=ATAN{AMDT)

I[F (VCX%.GE.0.0) GO YO 312

IF (ABS{ALPHA-BETA)-1.57079) 210,580%,208
SIGN1=1.0

SIGN2=1.0

EPS=-1,57079

VBIT=00
VDH1=SQRT(VUXN*VCXHNI*VDYH*VQYHNI)
VBZ2N=VCh1*#RESIL

GO TC 818

SIGNL=1,0

SIGN2=1,0

GO 70 816

SIGNI==1.0

SIGN2=-1,0

GO TG 8le6

I[F {ABS(ALPH-BETA}~1.57079) 808,814,810
SIGN1=1.0

SIGN2=1.0

EPS=~1.57G79

GO 7C 80s
VDN1=SQRT(ABS(VCXNlVCXWVI)+ABS(VDYW#VDYWN1))
VBIN=VDW1“SIN(ALPH~QETA)
VAIT=VCw1*COSIALP~-BETA)

VB2N=VBIN*RESIL

EPS=ATAN(VB2N/VBIT)

ANGLE=ALPH+EPS
VDH2=SCRT(VBIT*VBIT#VB?N'VBZN)
VOXWNL=VEW2#SIGN12COS{ANGLE)
VOYWNL=VOW2eSIGN2sSIN{ANGLE )

IF (YP.LT.0.0) VOYWN1=-VDYWN]
RCUNCE=BOUNCE+1.0

YOREP=YP

XL=xXPpP

VYW=VDYWNL=UINF

VX r=VOXWNL1%UINF

FE (XL.GELXMAX) G0 TO 162

IF (BCUNCE.GT,15.0) GO TO 102

GG TO 315

X66=X66

IF (XPM1.NE.O.0) GU TO 468

I[F {FN.EN.O0.0) GG TO 463
FN=FN+1,0

GC TC 464

SAVE=YCRQOP

FN=1.0
YOACP=YDROP~CELYCP/2.0uaFN
[F (FN,LT.6.0) GO TO 304
YTAN=YDROP
YCORCP=SAVE~CELYDP

GG TG 1644

[F (FNJEQ.0.0Q) GO TO &1
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€2

4175

¢l

1640

4 1C

1641

165

Hhlh?

1642

FN=FN+1.0
YORUE=YNGCP+L. . LYCP/2.0eefY
[F (FMOLT b ) GO 1D 306
YTAN=YDRCGP
YCROP=SAVE-QELYL?

GG 7O 61

YpPMi=YP

XPMi=Xp

UNCERX=UNDER

WRITE (643107}

WRITE (6,124CIWATRAT,AVS,XP,YP,WATER

WRITE (643107}

NK=NK+1

[F (NKJEQel) GO 1G 475
IDX=4+2%(NK-1}

TAGLO0(IDX)=AVS
TABIC({IDX+1)=WATRAY

TAB10(3)=NK

XP=0.0

[F {FN.EG.0.0) GC TG 102

YP=0.0

XPr¥1=0.,0

GG TC 6175

ARITE=XP-XPM]

WIC=YP-YPMI]

SCHITE=AH[TE=»2

SCWIC=WIDw=2
AHYPT=SQRT(SCHITE+SQWID)
[F{ALAMDA) 1641, 164C, 1641
CCNAER=AHYPT

l = 60.0= CELYDP

IF (FNLEQ.O.0) GC TO 470
1=60,02(YTAN-YORLP?)

GG TO 1642

[F (PMM,EQ.C.C) GO TO 1é&42
1=60.02{YDROP~YTAN)

prVM=(Q

GO TO 1642
SUMRAC=ABS((YP)+({YPM]}}
CONAER=SUMRAC+ARYPT
1=60.#(ABS(2,¢YCRALP-CELYDP ) )#DELYDP
[F (FN.EQ.,0.0Q) GO T8O 6165
1=60,Co({YTAN-YCROP)*»{YTAN+YDROP )
GO TC 6167

[F (PMM,EQ.C.C)} GO TQ 6167
1=60.,0#{YDRGP-YTAN) =« {YOROP+YTAN}
PVF=0Q,0

IF (YP»YPM]1,GE.D.0) GO TO lé&42
PHYP=SQRT{YP#YP+( XP-XHL1)»%2)
PVHYP=SQRT(YPML##2+{XPM]1-XHL]1)*w2]
CONAER=(YPaPHYP)¢ABS{YPMlaPMHYP)
WATER=Z2812.0#UINF#ALKC
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¢8

67

HATRAT=4ATER/CONAER

XSS=XP-XHL

XXSS = XPM1 - XHL

CALL TLUZLXS {TABB,XP40,0,YB1)

IF {ABS{YPI.LT.(YB1+.001)) GO T0 67
CALL TLUXXS (TAB6,XP,0,0,Y82)
YB2XP=YB2

IF (QES(YPI.LT.(YBZXPf.OOI)) GO TO 68
CALL TLUXXS (TAB2,XSS,0,0,5UP)
UNDER=~-1,0

GO TC 63

CALL TLUXXS {TA31,XSS,0,0,SUP)
SUP=-SUyP -

UNCER=1.0

IF (UNCERX.LT.0.C) GO TO 64

CaALL TLUXXS(TABIpXXSS,O)O;SUPMl)
SUPM1=-SUPM]

GO 10 65

CALL TLUXXS (TAB2,XXSS,0:0,SUPM])
AVS = (SUP + SuPMl1)/2.0

IF {XPM]1,NE,0.0) GO YO 62

AvS=Sup

pvv=1,0

HATQAT=0.0

FN=0.0

GC 76 62

CALL TLUXXS {TABS,XSS,0,0,5UP)

CALL TLUXXS {TABG,XXSS+0,C,SUPML)
I[F {(YP,GT.0.) GO TQ 70

UNCER==1,

SUP=-5Suy»

6GC ICc 71

[F (UNDERX.LT.0.0) SUPM1==~SUPM]
606 TC 65

END
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